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NOTIFICATION OF RECEIPT OF 
RECORD COPY 

(PCT Rule 24.2(a)) 
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CHIBA, Yoshihiro 

^Hiniulfii Ma\/nH< Tnw/pr 1fiF 
oiiiiijuivu iviay muo i uwci lur 

1-1, Yoyogi 2-chome 
Shibuya-ku, Tokyo 151-0053 
JAPON 




~j 


Date of mailing (day/mdnth/year) "^^^VSii 

06 February 2001 (06.02.01) ^^^21^^ 


IMPORTANT NOTIFICATION 


Applicant's or agent's file reference 
00P361GAWO00 


International application No. 
> PCT/J POO/09 133 



The applicant is hereby notified that the International Bureau has received the record copy of the international application as 
detailed below. 

Name(s) of the applicant(s) and State(s) for which they are applicants: 

NGK INSULATORS, LTD. (for all designated States except US) 

ISHIKAWA, Shuhei et al (for US) 
International filing date : 22 December 2000 (22. 1 2.00) 

Priority date(s) claimed 24 December 1 999 (24. 1 2.99) 

22 March 2000 (22.03.00) 

Date of receipt of the record copy 



19 January 2001 (19.01.01) 



by the International Bureau 
List of designated Offices 

EP :DE,FR,GB,IT 
National :CN,KR,US 



ATTENTION 

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data 
and the indications in the international application, the applicant should immediately inform the International Bureau. 

In addition, the applicant's attention is drawn to the information contained in the Annex, relating to: 



time limits for entry into the national phase 
confirmation of precautionary designations 
requirements regarding priority documents 



A copy of this Notification is being sent to the receiving Office and to the International Searching Authority. 





Th Internati nal Bur au of WIPO 
34, chemin des C 1 mbettes 
1211 Geneva 20, Switzerland 

Facsimile No. (41-22)740.14.35 


Authorized officer:^^ ~^ ^^S^^^^^ 0 *^ 
Telephone No. (41-22)338.83.38 *^ 



Form PCT/IB/301 (July 1998) 



003818034 
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From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 



To: 



CHIBA, Yoshihiro 
Shinjuku Maynds Tower 16F 
1-1, Yoyogi 2-chome 
Shibuya-ku, Tokyo 151-0053 
JAPON 



Date of mailing (day/month/year) 
29 March 2001 (29.03.01) 






Applicant's or agent's file reference 
00P361GAWO00 


IMPORTANT NOTIFICATION 


International application No. 
PCT/J POO/091 33 


International filing date (day/month/year) 
22 December 2000 (22.12.00) 


International publication date (day/month/year) 

Not yet published 


Priority date (day/month/year) 

24 December 1999 (24.12.99) 


Applicant 

NGK INSULATORS, LTD. et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "IMR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1(a) or (b). 

2- This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk^*) appearing next to a date of receipt in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 1 7.1 (a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date 

24 Dece 1999 (24.12.99) 
22 Marc 2000 (22.03.00) 



Priority application No. 

11/368108 
2000/80833 



Country or regional Office 
or PCT receiyinq Offipe 

JP 
JP 



Date of receipt 
of priority document 

23 Febr 2001 (23.02.01) 
02 Marc 2001 (02.03.01) 





The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No. (41-22) 740.14.35 


Authorized officer 

Taieb Akremi \ S 

Telephone No. (41-22) 338.83.38 



Form PCT/IB/304 (July 1998) 



003932332 



PflQtT COOPERATION TREAT^ 



WO 01/48816 
PCT/J POO/091 33 



From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 


To: 

CHIBA, Yoshihiro 

^hiniiil^ii IV/lsawnrlc Trt\»/or 1 RP 

OIMMJUK.U ividynuo iuwci i or 

1-1, Yoyogi 2-chome 

oniDuya-KU, i OKyo id i-uujj 

JAPON 

/r^FGEjyEDX 




Date of mailing (day/month/year) 
05 July 2001 (05.07.01) 






Applicant's or agenfs file reference 
00P361GAWO00 


IMPORTANT NOTICE 


International application No. International filing date (day/mo nth/year) Priority date (day/month/year) 

PCT/J P00/09 133 22 December 2000 (22.12.00) 24 December 1999 (24.12.99) 


Applicant 

NGK INSULATORS, LTD. et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
CN,EP 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application {Rule 49.1(a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
05 July 2001 (05.07.01) under No. WO 01/48816 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/1B/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The Internati nal Bureau of W1PO 
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States except US) 
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(54) CARBON-BASED METAL COMPOSITE MATERIAL, METHOD FOR PREPARATION THEREOF 
AND USE THEREOF 



(57) According to the present invention, there is pro- 
vided a carbon-based metal composite material com- 
prising a carbonaceous matrix and a metal component 
dispersed in said carbonaceous matrix, wherein at least 
90 volume percent of the pores of the carbonaceous 
matrix is substituted with said metal component, and 
the content of said metaJ component is 35% or less 
based on the total volume of said carbon-based metal 
composite material; a method of producing a carbon- 
based metal composite material wherein impregnation 
of the carbon formed body with molten metal under 
pressure is carried out by pre-heating said carbon 
formed body and then impregnating the open pores of 
the carbon formed body with molten metal under a pres- 
sure of at least 200kg/cm 2 of the cross-sectional area of 
the plunger; and a substrate-shaped formed body for an 
electronic component comprising a carbon-based metal 
composite material. 
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Descripti n 

FIELD OF THE INVENTION 

s [0001 ] The pr sent invention relates to a novel carbon-based metal composite material, a method for its production 
and various applications using said carbon-based metal composite material. In more detail, it relates to a carbon-based 
metal composite material comprising a carbonaceous matrix and metal components dispersed in said carbonaceous 
matrix, a method of impregnating a carbon material with metal components, and uses of a carbon-based metal com- 
posite material, such as high thermal conductivity-low thermal expansivity substrates for packaging semi-conductors, 

10 astronautics] components or general industrial structural materials having excellent specific strength and specific rigid- 
ity, heat resistant materials such as for gas turbines, and electrical contact materials having excellent sliding character- 
istics. 

BACKGROUND OF THE INVENTION 

15 

[0002] Conventional metal composite materials containing carbon materials are produced by dispersing and orien- 
tating carbon particles or carbon fibers, as reinforcing materials, in a metal component matrix. Furthermore, there have 
been adopted production methods according to the so-called powder metallurgy method using graphite powder and 
metal powder as starting materials. 
20 [0003] These types of metal-carbon composite materials each use carbon materials to try to improve the charac- 
teristics of the metal component as the parent material for the composite material, and should be called metal-based 
carbon composite materials having a metal component as the parent material. Such materials having a much larger vol- 
ume of carbon than metal component have not been realised, and these materials are therefore themselves limited in 
their performance. 

25 [0004] On the other hand, carbon materials have been widely used as result of their excellent heat resistance and 
workability. However, they have many points that need to be improved such as being brittle, having low strength, being 
easily damaged, having low oxidation resistance, being difficult to plate, and having low heat conductivity. One reason 
for this is that, with the exception of special carbon materials, carbon materials generally have pores, as a result of 
which the electrical, heat and chemical properties naturally possessed by carbon are not fully exhibited. 

30 [0005] It has been attempted to improve the characteristics of carbon materials by filling the pores of the carbon 
material with metal material thereby forming a carbon-metal composite. For example, a material having some of the 
pores substituted with molten copper, copper alloy or silver has been proposed in order to improve the electrical char- 
acteristics of carbon materials. However, it was impossible to obtain a material having a large portion of the pores sub- 
stituted with metal, and its performance was not sufficient. 

as [0006] In general, carbon materials and molten metals have poor wettability, and it was almost impossible in previ- 
ous studies to impregnate the pores of carbon materials with molten metal components. Although the wettability was 
improved at high temperatures, casting impregnation at high temperatures resulted in a reaction between the carbon 
component and the metal component This resulted in a deterioration in the carbon material, with the problem that it 
was impossible to obtain the characteristics of a metal-based carbon composite material. 

40 [0007] In other words, the production of a composite by the impregnation of a carbon material with metal compo- 
nents by a production method according to the conventionally proposed conditions and operations results in a reaction 
at the interface between the carbon component and the metal component and the generation of the metal carbide. This 
had, for example, the ill effect of these two components peeling away from each other, and a carbon-based metal com- 
posite material having excellent strength and other properties had not been developed. 

45 [0008] Along with the technical development of this type of metal-carbon composite materials, there has been an 
increase in the amount of heat generated by electronic devices as a consequence of their improved performance and 
capacity, and there has been a focus on carbon-based metal composite materials having a high proportion of carbon 
component and having excellent strength as a high thermal conductivity-low thermal expansivity material effective for 
heat removal. The development of these materials is now eagerly anticipated. 

50 

DISCLOSURE OF THE INVENTION 

[0009] A first objective of the present invention is, in light of the above-mentioned problems with the techniques 
developed to date, to provide a carbon-based metal composite material which maintains a high degree of heat resist- 
55 ance and high thermal conductivity as well as having a controlled thermal expansivity and excellent strength. 

[001 0] A second objective of the present invention is to provide a method of producing a carbon-based metal com- 
posite material comprising impr gnating a molten metal into the pores of a carbon formed body whilst inhibiting reac- 
tions between carbon and the metal. 
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[0011] Furthermore, a third objective of the present invention is to provide a material for an electronic component 
having a high th rmal conductivity and a controlled thermal expansivity useful forthe removal of heat from an electronic 
component. 

[0012] A fourth objective of the present invention is to provide a carbon-based metal composit material provided 
5 with an insulator film. 

[0013] The inventors of the present invention have found, as result of extensive research into achieving the above- 
described objectives, that a high thermal conductivity-low thermal expansivity composite material can be obtained by 
impregnating the pores of a carbon material with a metal component under molten and pressurized conditions, and that 
the above-described objectives can be achieved using the same. It was on the basis of these findings that the present 
w invention was completed. 

[0014] In other words, the present invention firstly relates to a carbon-based metal composite material comprising 
a carbonaceous matrix and a metal component dispersed in said carbonaceous matrix characterised in that 

(1) at least 90 volume percent of the pores of said carbonaceous matrix are substituted with said metal component, 
15 and 

(2) the content of said metal component is 35% or less based on the total volume of said carbon-based metal com- 
posite material. . 

[0015] Furthermore, the present invention secondly relates to a method of producing a carbon-based metal com- 
20 posite material comprising Impregnating a carbon formed body with a molten metal by contacting said carbon formed 
body with said molten metal under pressure, characterised in that 

(1 ) said carbon formed body is pre-heated to a temperature at or above the melting point of said molten metal under 
an inert gas atmosphere; and 

25 (2) said pre-heated carbon formed body is impregnated with said molten metal under a pressure of at least 200kg 
per cm 2 of the cross-sectional area of the plunger. 

[001 6] Furthermore, the present invention thirdly relates to a substrate-shaped formed body for an electronic com- 
ponent characterised in that it is formed from a carbonaceous metal composite material comprising a carbonaceous 
30 matrix and a metal component dispersed in said carbonaceous matrix, wherein at least 90 volume percent of the pores 
of said carbonaceous matrix are substituted with said metal component and the content of said metal component is 
35% or less based on the total volume of said carbonaceous metal composite material. 

[0017] Furthermore, the present invention fourthly relates to a carbon-based metal composite material provided 
with an insulator film obtained by covering the surface of a carbonaceous metal composite material with an insulator 
35 material, the carbonaceous metal composite material having a carbonaceous matrix and a metal component dispersed 
in said carbonaceous matrix, wherein at least 90 volume percent of the pores of said carbonaceous matrix are substi- 
tuted with said metal component and the content of said metal component is 35% or less based on the total volume of 
said carbonaceous metal composite material. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Figure 1 is a schematic view showing the basic construction of production apparatus used in the method of produc- 
45 ing the carbon-based metal composite material of the present invention. 

Figure 2 is a conceptual view of a 2D carbon composite material used in Example 4. 

Figure 3 is a cross-sectional view of an electronic component showing an example of a use of a carbon-based 
metal composite material substrate of the present invention. 

Figures 4-1 and 4-2 are plane and elevated views of a cooling component produced in Example 7 having a sub- 
so strate on both sides. 

Figures 5-1 and 5-2 are side and plane views of a cooling component produced in Example 8 having cooling fins 
on one side. 

Figure 6 is a cross-sectional view of an electronic component showing a use of a carbon-based metal composite 
material provided with an alumina film produced in Example 9. 

55 

PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 

[0019] The carbon-based metal composite material of the present invention comprises a carbonaceous matrix and 
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a metal component dispersed in said carbonaceous matrix, wherein the metal component fills at least 90 volum per- 
cent of the pores of the carbonaceous matrix, and has a content of 35% or less based on the total volume of th carbon- 
based metal composite material. 

[0020] Furthermore, one characteristic of the method of producing a carbon-based metal composite material of the 
5 present invention is that it comprises a step (1) of pre-heating a carbon formed body and a step (2) of pressurized 
impregnation of molten metal. 

CARBONACEOUS MATRIX 

w [0021 J The carbonaceous matrix which composes the carbon-based metal composite material of the present inven- 
tion is a carbon material which can form a composite together with a metal component Examples of carbon materials 
which can be used for the carbonaceous matrix include (a) general carbon materials produced with normally employed 
starting materials and methods; (b) carbon fiber-reinforced carbon composite materials obtained by forming a compos- 
ite from carbon fibres and a carbon-containing compound; and (c) a pressure-formed body comprising carbon powder, 

15 artificial graphite powder or carbon fibers. Graphite-type carbon crystals, namely, carbon materials having specific pore 
structure such as pore diameter and pore volume are preferred. In this specification, these carbon materials prior to for- 
mation of a composite with the metal shall, where necessary, be referred to as a 'carbon formed body". The shape of 
the carbon formed body can be freely selected according to the shape required in the use of the carbon-based metal 
composite material. 

20 

(a) General carbon materials 

The carbon materials used as the carbonaceous matrix of the carbon-based metal composite materials of the 
present invention may be ones comprising amorphous carbon or graphite-type crystals, or mixtures of these. How- 
ever, ones comprising graphite-type crystals are excellent in terms of uniformity of pore characteristics and are par- 
25 ticularty preferred from the viewpoint of inhibiting the reactions with the metal component. It is important to select 
a graphite-type crystal having an average interplanar spacing d^ measured by X-ray diffraction of 0.340nm or 
less. 

Examples of carbon formed bodies for use as the carbonaceous matrix include ones having a porosity prior to 
impregnation with the metal component of less than 40 volume percent preferably, 2 to 35 volume percent and fur- 

30 ther preferably, 5 to 25 volume percent Namely, ones wherein the volume percentage of the carbonaceous part is 
at least 60 volume percent preferably at least 75 volume percent 

If the porosity were to exceed 40 volume percent there is the concern that the metal component content may 
increase excessively making it difficult to provide both the required thermal conductivity and thermal expansivity. 
The pore diameter of the carbon material is not limited and may be distributed over a wide range stretching from 

35 submicrometers to several hundred microns. Examples of carbon materials include ones having an average diam- 
eter of, preferably 0.1 um to 10um, further preferably, 0.1pm to 3pm. When the average pore diameter is thus within 
a specific range, the impregnation of the metal component is facilitated according to specific production conditions 
making it possible to increase the filling percentage to 90 volume percent or more, and furthermore to 95 volume 
percent or more, thereby substantially achieving a filling percentage of 100 volume percent. The filling percentage 

40 refers to the volume proportion occupied by metal impregnated into the pores. 

Furthermore, it is preferred that the density of the carbon formed body prior to impregnation of the metal com- 
ponent is in the range of 1 .4 g/cm 3 to 2 p/cm 3 , preferably 1 .6 p/cm 3 to 2 g/cm 3 and particularly 1 .7 g/cm 3 to 1 .9 
g/cm 3 . If the density is less than 1 .4 g/cm 3 , there is the ill effect of the the thermal expansivity becoming excessively 
large due to a high metal percentage. On the other hand, if the density exceeds 2 g/cm 3 , the metal impregnation- 

45 filling percentage is reduced. There is the problem that even if almost all the pores could be filled, the metal per- 
centage would be small whereby a thermal expansivity useful for a substrate for an electronic component (4x1 0" 
6 /°C or more) cannot be achieved. 

Specific examples of carbon materials for use as the carbonaceous matrix include those of electrodes used in 
electrolytic furnaces for electric furnace steel production, aluminium refining etc., electrodes for electric discharge 

so machining, tools for producing silicon semiconductors or optical fibers, and carbon formed bodies used as heat 
resistant structural materials. 

These kind of carbon materials can be produced via the main steps of mixing, forming, calcination and graph- 
itisation etc. using a filler and binder as starting materials. Calcined oil coke, calcined pitch coke, natural graphite, 
calcined anthracite, carbon black etc. can be freely used as the filler, and coal tar pitch, coal tar, and synthetic res- 

55 ins etc. can be freely used as the binder. The operation and conditions for each of the mixing, forming, calcination 
and graphitisation steps may be as those employed conventionally, and can be appropriately determined to give the 
above-m ntioned desired shape and properties. The above-mentioned graph ite-typ crystals can be obtained by 
calcination treatment in an inert gas at a temperature of 2500 °C or more, particularly, 2800 °C or more. 
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Extrusion, moulding and cold isostactic pressing (CIP method) can b recited as examples of methods of form- 
ing th carbon formed body. Extrusion and moulding are particularly preferred. 

(b) Carbon fiber-reinforced carbon composite materials 

5 Carbon fiber-reinforced carbon composite materials are carbon/carbon composite materials (referred to her - 

under as "c/c composite materials" where necessary) constructed from carbon fibers and carbon-containing com- 
pounds. The carbon fibers are used as filler. There are provided one-dimensional, two dimensional, and three- 
dimensional forms of composite materials according to the manner of orientation of the fibers, starting with com- 
posite materials using fibers orientated in one direction (1 D), and moving from flat arranged fibers (2D) to compos- 

io rte materials using 3D wovens. The type of material can be freely selected according to the use. 

The c/c composite material used as the carbonaceous matrix of the carbon-based metal composite material of 
the present invention may also be one made from amorphous carbon, but one in which the carbon fibers or the car- 
bon matrix or both comprise graphite-type crystals is preferred. Furthermore, in terms of density, one having a den- 
sity of 1 .6 g/cm 3 to 2 p/cm 3 , preferably, 1 .7 g/cm 3 to 1 .9 g/cm 3 may be used. 

is The pore structure of the c/c composite material may be the same as that of the afore-mentioned general car- 

bon materials. The average pore diameter is in the range of 0.5um to Sum, preferably 1um to 2um. It is preferred 
to have a porosity of 5% to 30%, preferably 1 0% to 25%. 

As mentioned above, the c/c composite material may be produced by any method. It may be produced by 
impregnating a carbon matrix precursor such as a phenol resin or oil pitch between the carbon fibers, followed by 

20 forming and calcination in an inert gas, normally at a temperature of 1000 °C or greater. If the calcination temper- 
ature is controlled to be 2500 °C or greater, particularly, 2800 °C or greater, a graphitised crystal-containing carbon 
material can be obtained. 

Furthermore, as a method of avoiding the re-impregnation of the matrix precursor required in conventional 
methods, a method comprising impregnating carbon fibers at a heat treatment temperature of 500 °C or higher with 

25 a liquid having dispersed therein carbon powder containing at least 50 weight percent of raw coke powder followed 
by volatising the solvent and shaping and calcinating the carbonaceous matrix precursor-containing carbon fibers 
under pressure (reference is made to Japanese Patent Application Laid-Open No.247563/1991) may be employed 
whereby a carbon material having properties favourable for the carbonaceous matrix of the carbon-based metal 
composite material of the present invention can be obtained. 

30 A specific example of a carbon fiber-reinforced carbon composite material is shown in Figure 2. In the figure, 

the fibers are orientated in a unilateral direction, and the respective layers are stacked with the fiber direction at 0° 
and 90°. Length is indicated by the xy direction, and depth by the z direction. 

(c) An example of a pressure-formed body comprised of carbon powder/artificial graphite or carbon fibers is a car- 
35 bon composite body obtained by filling an iron vessel with graphite powder, carbon fibers etc. and applying pres- 
sure. It has a porosity controlled to be between 10 and 30 volume percent and is useful as a starting material for 
the carbonaceous matrix of the present invention. Specific examples of carbon formed bodies are ones containing 
at least 1 0 percent on a volume basis of graphite particles having a length between 1 .0mm and 3mm, or ones con- 
taining at least 1 0 percent on a volume basis of pitch carbon fibers having a fiber length of 0.02mm to 5mm, or ones 

40 containing at least 1 0 percent on a volume basis of graphite particles having a length of 0.1 mm to 3mm and pitch 
carbon fibers having a fiber length of 0.02mm to 5mm. These carbon formed bodies are particularly useful as the 
carbonaceous matrix for the substrate-shaped formed body for an electronic component discussed hereafter. 

METAL COMPONENT 

45 

[0022] The metal component composing the carbonaceous metal composite material of the present invention may 
be freely selected according to the use. Examples include magnesium, aluminium, titanium, iron, cobalt nickel, copper, 
zinc, silver, tin and alloys of each metal. 

[0023] Preferred metal components include aluminium, copper, silver and alloys of these metals. Pure metal corn- 
so ponents of aluminium or copper are particularly preferred. These metal components are favourable for providing the 
specific thermal conductivity and thermal expansivity considered to be one of the characteristics of the carbonaceous 
metal composite material of the present invention. 

CARBON-BASED METAL COMPOSITE MATERIAL 

55 

[0024] The carbon-based metal composite material of the present invention comprises the above-described car- 
bonaceous matrix and a metal component dispersed in said carbonaceous matrix, wherein 1) at least 90 volum per- 
cent of the pores of the carbonaceous matrix are filled with the metal component; and 2) the content thereof is 35 
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percent or less based on th total volume of the carbonaceous metal composite material. 

[0025] It is preferred that the above-described metal component fills the pores of the carbonaceous matrix such that 
it occupies at least 90 volume percent, particularly 95 volume percent of all open pores. It is further preferred that sub- 
stantially 1 00 volume percent of the pores are filled. If the filling percentage is less than 90 volume percent, the required 

5 properties such as thermal conductivity cannot be satisfied. With the conventionally proposed methods of impregnating 
molten metal, a value f 70 volume percent was achieved at best; there was no disclosure of a material having a high 
filling percentage. The carbonaceous matrix is amorphous carbon, graphite-type crystalline carbon and a mixture of 
these. Graphite-type carbon is particularly preferred. The form in which the metal component exists in the carbona- 
ceous matrix can be observed using a scanning electron microscope. 

10 [0026] Next, the content of the metal component in the carbon-based metal composite material of the present 
invention is 35 volume percent or less, preferably 30 volume percent or less, and further preferably, between 5 and 25 
volume percent. If the content exceeds 35 volume percent, it becomes difficult to achieve a low thermal expansivity 
even though a high thermal conductivity may be achieved. 

[0027] The density of the above-described carbon-based metal composite material of the present invention will 
is vary depending on the type of metal component, but when aluminium is used as the impregnant, the density is in the 
range of 2 g/cm 3 to 2.4 g/cm 3 , preferably 2.1 g/cm 3 to 2.2 g/cm 3 , whereby a material having a thermal conductivity of 
200W/(m.K) or more, and a coefficient of a thermal expansion of 1 2x1 O^C or less, particularly from 4x1 ^PC to 1 2x1 0' 
6 / °C can be provided. 

[0028] There are no particular limitations with respect to the shape of the carbon-based metal composite of the 
20 present invention. It can be formed into various shapes at the stage of production depending on the use. For example, 
it may be formed into plates, blocks, sheets, films, granules, powder, fibers and woven fibers, non-woven fibers and 
shaped parts such as arbitrarily machined parts. 

METHOD OF PRODUCING THE CARBON-BASED METAL COMPOSITE MATERIAL 

25 

[0029] Next, a method of producing the carbon-based metal composite material of the present invention shall be 
described. 

According to the present invention, there is provided a method of producing a carbon-based metal composite material 
comprising the pressurised impregnation of a carbon formed body with molten metal by contacting the carbon formed 
30 body with the molten metal under pressure, the method including the following steps (1 ) and (2). 

(1) step of p re-heating the carbon formed body in an inert gas atmosphere at a temperature at least as high as the 
melting point of the molten metal; and 

(2) step of impregnating the pre-heated carbon formed body with said molten metal at a pressure of 200kg per cm 2 
35 of the cross-sectional area of the plunger. 

[0030] Any carbon material suitable for the above-described carbonaceous matrix can be used as the carbon 
formed body. A specific example of a carbon formed body is one having a density of 1 .4 g/cm 3 to 2 g/cm 3 , and a porosity 
of 50% or less, preferably, 35% or less, and further preferably, 5% to 25%. 

40 [0031] Specifically, in the above-described step (1 ), the carbon formed body is placed into a mold and pre-heated 
in an inert gas atmosphere. Argon gas, nitrogen gas etc. may be used as the inert gas atmosphere. In the pre-heating, 
the temperature is maintained at or above, particularly at least 100 °C above, and preferably of 100°C to 250 °C above 
the melting point of the metal component By proceeding via this step (1 ), the pores of the carbon material can be suf- 
ficiently impregnated with the metal whilst inhibiting reactions at the interface between carbon and the metal. 

45 [0032] Next, in step (2), the metal component is preferably heated to a temperature from 50 °C to 250 °C higher 
than the melting point of the metal component and supplied to the mold to contact it with the above-mentioned pre- 
heated carbon formed body. A pressure of at least 200kg per cm 2 of the cross-sectional area of the plunger is applied 
to impregnate the above-mentioned carbon formed body with the molten metal. In the case that aluminium is used in 
step (2), increasing the temperature of the molten metal to more than 200 °C above the melting point results in a ten- 

50 dency for deliquescent aluminium carbide to be formed whereby a practical composite material cannot be obtained. 
Furthermore, if the pressure is less than 200kg/cm 2 , the impregnation of the metal cannot be carried out efficiently with 
a resulting decrease in the filling percentage. 

[0033] The impregnation of the molten metal in the method of producing the carbon-based metal composite mate- 
rial of the present invention is characterised by the use of the plunger for a squeeze casting of a pressure applicator of 
55 a standard press to inject the molten metal into the carbon formed body placed inside the mold and directly apply pres- 
sure thereto. It is thereby possible to obtain a composite material having a high filling percentage which was not possi- 
bl with the conventional gas pressure methods carried out in the presence of a gas inside a pressure-resistant vessel. 
It is also possible to obtain a large scale composite material which was not possible with the prior art. 
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After the completion of step (2), a carbon-based metal composite material can be obtained via steps such as cutting 
tc. 

In the case of a metal having a high melting point the impregnation of the metal component can also be carried out by 
forming holes in the carbon formed body and injecting the molten metal into the holes. 
5 [0034] A specific example of apparatus used in the method of producing a carbon-based metal composite material 
according to the present invention is shown in Figure 1. 

[0035] In Figure 1,11 is a metal mold, 12 is a plunger and 13 is a press. A carbon formed body 4 is placed inside 
the mold 1 1 , and is then pre-heated in argon gas according to the above-described step (1). Molten metal heated to a 
specific temperature is then supplied, and plunger 12 is used to apply pressure to the molten metal inside the metal 
10 mold and maintain these same conditions for a specified period of time. After the elapse of the specific period of time, 
the whole mass of metal is removed from the mold and cut to obtain a metal-impregnated carbon-based composite 
materia). 

SUBSTRATE-SHAPED FORMED BODY FOR AN ELECTRONIC COMPONENT 

15 

[0036] Next (1) a substrate-shaped formed body useful as a heat disperse r for an electronic component, and (2) a 
substrate-shaped formed body provided with a cooling device shall be described as uses of the carbon-based metal 
composite material of the present invention. 

[0037] In electronic components which are provided with an electronic circuit supporting substrate for an electronic 
20 circuit comprising semiconductor elements, resistors, transformers, condensors and wiring and with a base substrate 
for supporting the electronic circuit supporting substrate; most of the heat generated by the electronic circuit is trans- 
ferred from the electronic circuit supporting substrate and base substrate to a cooling device and is finally released to 
the atmosphere or to a cooling liquid. Conventionally, aluminium, copper or alloys of these were used as the base sub- 
strate material, but there is a problem of warping and peeling as a result of a difference in thermal expansivity with the 
25 electronic circuit 

[0038] The carbon-based metal composite material of the present invention has a thermal conductivity of at least 
150W/(m.K) and a thermal expansivity in the range of 4x1 O^PC to 12x10~ 6 /°C; it has improved substrate characteris- 
tics compared to the above-described metal base substrates thus solving the above-discussed problems. 
[0039] The substrate-shaped carbon formed body for electronic components according to the present invention 
30 preferably has a density of at least 2 g/cm 3 . Specifically, in the case of aluminium- or aluminium alloy-impregnated sub- 
strate-shaped carbon formed bodies, a density of 2 g/cm 3 to 2.4 g/cm 3 is suitable, whereas in the case of a copper- or 
copper alloy-impregnated substrate-shaped carbon formed body, a density in the range of 2.3 g/cm 3 to 4.6 g/cm 3 is suit- 
able. 

[0040] A specific example of an electronic component including a substrate-shaped carbon formed body compris- 
35 ing a carbon-based metal composite material according to the present invention and used as a heat dispenser for an 
electronic circuit is shown in Figure 3. 

[0041] In the figure, a substrate 30 comprising the carbon-based metal composite material of the present invention 
is joined to a ceramic insulating substrate 32 via an adhesive layer 31 . Synthetic resin, solder, metal brazing material 
etc. is used for the adhesive layer. A circuit, circuit elements and parts 33 are provided on the ceramic insulating sub- 
40 strate 32. A large amount of heat is generated from the circuit, circuit elements and parts which is transferred to the sub- 
strate 30 and relased to a cooling device (not shown in the figure) joined to the bottom of the substrate 30. 
[0042] Next, a substrate-shaped formed body provided with a cooling device for an electronic component shall be 
described as a use of the carbon-based metal composite material of the present invention. 

[0043] The substrate-shaped formed body provided with a cooling device is obtained by simultaneously casting a 
45 carbon formed body and cooling device into an integrated body via the metal component at the time of impregnating 
the carbon formed body with the metal component The coaling device is made up of passages such as pipes for pass- 
ing a liquid or fins for gas cooling. Specific examples of substrate-shaped formed bodies provided with cooling devices 
are shown in Figures 4-1 to 5-2. Figures 4-1 and 4-2 show a plane view and elevation view of a cooling part having a 
substrate-shaped formed body on both sides. Two substrate-shaped formed bodies 40 are prepared, and a semi-circu- 
50 lar groove A is cut into each of the formed bodies. A pipe 41 is fitted into the groove, and then the two bodies are pro- 
visionally fastened together. The substrate-shaped bodies and the cooling device are integrated together by filling the 
space between the formed bodies and the pipe with molten metal at the same time as impregnating the pores with mol- 
ten metal. In this way, the cooling performance can be improved. 

[0044] Figures 5-1 and 5-2 show another embodiment consisting of a substrate for an electronic component having 
55 fins 51 joined to the bottom of a substrate-shaped formed body 50. The surface of a metal mold 52 is coated with a 
mold-release material made of carbon or BN powder, and then the carbon formed body 50 and thin plates 51 are placed 
in the mold. The thin plates 51 are metal plates having a melting point higher than the carbon formed body or the metal 
to be impregnated, and form the fin blades. They are fitted into grooves provided in the carbon -formed body. The top of 
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Figure 5-1 is a front view showing th electronic component substrate having the fins 51 joined to the carbon formed 
body 50 and placed in the metal mold 52 ready for impregnation with molten metal; Figure 5-2 is a plane view thereof. 

CARBON-BASED METAL COMPOSITE MATERIAL PROVIDED WTTH AN INSULATING FILM. 

5 

[0045] As another use of th carbon-based metal composite material of the present invention, there can be pro- 
vided the same with its surface covered with an insulating material. Examples of insulating materials include plastic 
materials such as polyimide resins, poryaminobismaleimides, bismaleimides, polyetheramides, polyamideimides, 
epoxys, polyurethanes, polyesters and ceramic materials such as alumina, aluminium nitride, silica, silicon nitride, tita- 

10 nium oxide, zirconia and glasses. The thickness of the covering layer of insulating material is 0.6mm or less, preferably 
0.01mm to 0.1mm. There are no limitations regarding the method of forming the covering layer, and any method may 
be used. It is preferably formed by a sputtering method, coating method, CVD method, solgel method etc.. 
[0046] The carbon-based metal composite material of the present invention has a Young's modulus of 30GPa or 
less, a thermal conductivity of 1 00W/(m.K) or more, and a thermal expansivity of 1 2x1 O^C or less. An insulator-cov- 

15 ered carbon-based metal composite material obtained using this can be used as an electronic device with a circuit laid 
directty on the insulating film. This application example is shown in Figure 6. In figure 6, the carbon-based metal com- 
posite material of the present invention is used as a substrate and an insulating film 62 is provided thereon via a joining 
layer 61 ; an electronic circuit may be provided thereon. In the figure, 64 is an electronic component such as a semicon- 
ductor element, a resistor or a condensor. 

20 [0047] To describe it in more detail, the carbon-based metal composite material of the present invention has a sim- 
ilarly low thermal expansivity and a Young's modulus one order lower compared to a composite material substrate pro- 
duced by impregnating a powder sintered body of silicon carbide, alumina, tungsten etc. with metal; and the top thereof 
can thus be covered with a ceramics electrically insulating film having good film properties and resistant to heat cycles. 
An electronic circuit can be provided on top of this insulating film, whereby an electronic component having excellent 

25 thermal conductivity can be produced. 

EFFECT OF THE INVENTION 

[0048] The carbon-based metal composite material of the present invention has, by virtue of the above-described 
30 construction, at least 90 volume percent, particularly 95 volume percent up to 1 00 volume percent of the pores of the 
carbonaceous matrix filled with the metal component. Furthermore, the metal component content is controlled to be no 
more than 35% based on the total volume of the carbon-based metal composite material. By virtue of this composition, 
the carbon-based metal composite material of the present invention has a high thermal conductivity/low thermal expan- 
sivity characteristic, and can be provided as a substrate-shaped carbon formed body for an electronic component Fur- 
35 thermore, in this type of carbon-based metal composite material, the pores can be impregnated with the molten metal 
at a high filling percentage by carrying out the impregnation of the pores of the carbon formed body with the molten 
metal instantaneously at high pressure; furthermore, in the case of aluminium impregnation, it is realised by inhibiting 
reactions between aluminium and carbon which was not possible with conventional techniques. 

40 EXAMPLES 

[0049] Hereunder, the present invention shall be specifically described by Examples and Comparative Examples. 
The present invention is, however, not to be limited in any way by these Examples etc.. 

[0050] Measurement methods and test methods were used for the evaluation of the quality and performance of the 
45 carbon-based metal composite materials prepared according to the Examples and Comparative Examples. 

1) Impregnation of the Metal Component 

The state of dispersion of the metal component was observed at a magnification ratio of x500 using a scanning 
electron microscope S2300 made by Hitachi Ltd. 
so 2) Porosity 

The porosity of the carbon formed body prior to impregnation with the metal component is a calculated value cal- 
culated assuming the carbon density to be 2.1 p/cm 3 from its apparent density. 

3) Metal filling percentage 

55 [(Porosity prior to metal filling - porosity after metal filling)/porosity prior to metal filling)] x 1 00 

4) Specific heat 

Measured at room temperature in a flow of dry nitrogen at a temperature rise of 10°C/min. according to the DSC 
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method (DSC: differential scanning calorim ter) using a DSC-2 made by the Perkin Elmer company. Sapphire was 
used for the comparative calibration. 

5) Density 

Measured according to the Archimed s method using an electronic analysis balance AEL-200 made by Shimadzu 
5 Corporation. 

6) Bending strength 

The bending strength of a prepared strength test piece was measured using a precision universal testing machine 
AG-500 made by Shimadzu Corporation. It was measured under the following conditions: test piece size 4mm x 
4mm x 8mm; span distance 60mm; crosshead lowering speed 0.5mm/min.. 

10 7) Thermal conductivity 

The thermal conductivity was determined as the multiple of the thermal diffusivity, specific heat and density. The 
thermal diffusivity was measured at 25 °C according to the laser flash method using a TC-7000 made by Shinku 
Riko Kabushiki Kaisha Ruby laser light (excitation voltage:2.5kV; 1 homogenising filter and 1 attenuation filter) was 
used for the irradiation. 

is 8) Thermal expansivity (Coefficient of thermal expansion) 

The thermal expansivity from room temperature to 300 °C was measured using thermal analysis device 001 ,TD- 
5030 made by the Max Science company. 

Example 1 

20 

[0051] Commericalfy available artificial graphite I (density: 1 .85 g/cm 3 , porosity: 12%, bending strength: S.Skg/cm 2 , 
thermal conductivity: 100W/(m.K) t thermal expansivity: 3.8x1 O^AC) was cut into a block having a length of 30mm, a 
width of 30mm and a depth of 10mm. The block was placed in an iron mold and heated in argon gas to 750 °C for 90 
minutes. Next, molten aluminium obtained by heating pure aluminium granules to 750 °C was added into the mold, and 
25 a pressure of 500kg per cm 2 of the cross-sectional area of the plunger(the ram) was applied. This state was maintained 
for 30 minutes to impregnate the pores of the artificial graphite with aluminium and form the composite. After cooling, 
the whole mass of aluminium was removed and cut to obtain a carbon-based aluminium composite material having an 
aluminium content of 12 volume percent 

[0052] The nature of the impregnation of the aluminium in the thus obtained carbon-based aluminium composite 
30 material was observed by the above-described method. It could be confirmed that the pores had been 1 00% substituted 
by the aluminium, and that the aluminium was dispersed uniformly in the carbonaceous matrix. 
[0053] A strength test piece was prepared and subjected to a bending test The result was a bending strength of 
8kg/mm 2 . The results are shown in Table 1 . It can be seen from this that the bending strength had increased to twice 
the bending strength (4kg/mm 2 ) of the artificial graphite I not impregnated with aluminium. 
35 [0054] Furthermore, the thermal conductivity and the thermal expansivity were respectively measured by the 
above-described methods. These results are shown in Table 1 . The thermal conductivity had increased to 200W/(m.K), 
which is twice that of the artificial graphite I (100W/(m.K), and the thermal expansivity had risen from 3.8x1 O^AC to 
1 0.8x1 0- 6 /°C. 

40 Example 2 

[0055] Commerically available artificial graphite I was cut into a block having a length of 30mm, a width of 30mm 
and a depth of 1 0mm. The block was placed into a carbon mold and heated in argon gas to 1200 °C for 120 minutes. 
Next, molten copper obtained by heating pure copper granules to 1200 °C was added into the mold, and a pressure of 

45 1 000kg per cm 2 of the cross-sectional area of the ram was applied. This state was maintained for 30 minutes to impreg- 
nate the pores of the artificial graphite with copper and form the composite. After cooling, the whole mass of copper was 
removed and cut to obtain a carbon-based copper composite material having a copper content of 1 4 volume percent. 
[0056] The nature of the copper impregnation in the thus obtained carbon-based copper composite material was 
observed by the above-described method. No pores were observed, and it could be confirmed that the copper was dis- 

50 persed uniformly in the carbonaceous matrix. 

[0057] A strength test piece was prepared and subjected to a bending test. The result of the test is shown in Table 
1 . It can be seen from this that the bending strength had increased to twice the bending strength (4kg/mm 2 ) of the com- 
mercial product I. 

[0058] Furthermore, the thermal conductivity and the thermal expansivity were respectively measured by the 
55 above-described methods. These results are shown in Table 1 . The thermal conductivity had increased to 220W/(m.K), 
which is more than twice that of the commercial, product I (100W/(m.K), and the thermal expansivity had risen from 
3.8x1 O^Ct 9.9x1 0*1*0. 
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Example 3 

[0059] Holes of a diameter of 10mm and a depth of 100mm were formed in a block of commericalty available arti- 
ficial graphite I. After vacuum degassing, it was heated in argon gas to 1550 °C for 210 minutes. Pure molten nickel 

5 heated to 1 650 °C was then filled into the holes. A plunger was then inserted therein whilst blowing the outer surface of 
the block with argon, and a pressure of 1000kg per cm 2 of the cross-sectional area of th plunger was applied. This 
state was maintained for 30 minutes to impregnate the pores of the block of artificial graphite I with nickel. After cooling, 
the portion of the block impregnated with nickel was removed and cut to obtain a carbon-based nickel composite mate- 
rial having a nickel content of 12 volume percent 

w [0080] The nature of the nickel impregnation in the thus obtained carbon-based nickel composite material was 
observed, and the bending strength, thermal conductivity and thermal expansivity were respectively measured. The 
nature of the nickel impregnation was observed with the following results: no pores were observed and rt could be con- 
firmed that the nickel was dispersed uniformly in the carbonaceous matrix. 

[0061] The bending strength had increased to 11 kg/mm 2 , which is about three times the bending strength 
is ^kg/mm 2 ) of the commerical artificial graphite I; the thermal conductivity had increased from the 100W/(m.K) of the 
commercial artificial graphite I to 170W/(m.K), and the thermal expansivity had become 7.5x1 0 G /°C compared to the 
3.8x1 0" 6 ^ of the commercial artificial graphite I. 
These results are shown in Table 1 . 

20 Example 4 

[0062] A block having a length (xy direction) of 1 00mm, a width of 1 00mm, and a depth (z direction) of 250mm was 
prepared from a carbon fiber (pitch-typej-reinfbrced carbon composite material produced according to Japanese Patent 
Application Laid-Open Nos.247563/1991 and 157273/1996 with stacks of fibers orientated at 0° and 90° (hereunder 

25 referred to as B 2D carbon composite material" (refer to Figure 2)). 

[0063] Holes of a diameter of 1 0mm and a depth of 100m were formed in the block of 2D carbon composite mate- 
rial. After vacuum degassing, it was heated in argon gas to 1550 °C for 210 minutes. Pure molten nickel heated to 
1 650°C was then filled into the holes, whilst cooling the outer surface of the block by blowing with argon gas. A pressure 
of 500kg per cm 2 of the cross-sectional area of the plunger was applied, and this state was maintained for 30 minutes 

30 to impregnate the pores of the block of 2D carbon composite material with nickel. After cooling, the portion of the block 
impregnated with nickel was removed and cut to obtain a carbon-based nickel composite material. 
[0064] The nature of the nickel impregnation was observed; no pores could be observed and it could be confirmed 
that the nickel was dispersed uniformly in the carbonaceous matrix. The nickel content was 25 volume percent 
[0065] A bending strength test piece was prepared and subjected to a bending test. The result is shown in Table 1 . 

35 According to this result, the bending strength had increased 2.5 times in the xy plane from 20kg/mm 2 prior to impreg- 
nation to 50kg/mm 2 and had increased in the z plane from less than 1 kg/mm 2 to Skg/mm 2 . 

[0066] The results of measuring the thermal conductivity are shown in Table 1 . The thermal conductivity in the ver- 
tical direction with respect to the xy plane, i.e. in the z-axis direction had increased from 8W/(m.K) prior to impregnation 
to 45W/(m.K), and the thermal conductivity in the direction of the x- or y-axis had increased from 200W/(m.K) prior to 

40 impregnation to 250W/(m.K). 

[0067] A nickel-impregnated test piece of 1 0mm length and 3mm in the vertical and horizontal directions was cut, 
and the surface thereof was covered with nickel to a total thickness of about 10um using electrolytic plating and non- 
electrolytic plating. This sample was placed in an air furnace and left at 1000 °C for 1 hour. After cooling, it was removed 
and observed visually. There was no change other than that the nickel had darkened. On the other hand, a sample of 

45 the non-impregnated 2D composite material became reduced in mass to 38% of its original weight. 

Comparative Example 1 

[0068] A carbon-based aluminium composite having an aluminium content of 9.8 volume percent was obtained in 
so the same way as Example 1 except that the molten aluminium heated to 750 °C was added to the block of commercial 
artificial graphite I without p re-heating the block of commercial artificial graphite in argon gas. Observation of the nature 
of the aluminium impregnation showed that there were spaces in the open pores which had not been filled and that no 
more than 67 volume percent of the pores of the artificial graphite had been substituted with aluminium. The thermal 
conductivity was 133W/(m.K) and the thermal expansivity was 9.7x1 0* 6 /°C; the thermal conductivity was insufficient. 
55 The results of the evaluation of the properties are shown in Table 1 . 
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Comparative Example 2 

[0069] Aluminium impregnation was carried out in the same way as Example 1 except that the pressure was 1 50kg 
per cm 2 of the cross-sectional area of th plunger, ft was almost impossible to impregnat any aluminium, and a car- 
5 bon-based aluminium composite material having satisfactory properties could not be obtained. Th aluminium filling 
percentage was 47 volume percent, and its cont nt was 12%. The thermal conductivity was 121 W/(m.K) and the ther- 
mal expansivity was 9.3x1 O^C. 

Comparative Example 3 

10 

[0070] An aluminium-impregnated carbon-based aluminium composite was prepared in the same way as Example 
1 except that the composition was adjusted to give an aluminium content of 40 volume percent The results of measur- 
ing the bending strength, thermal conductivity and thermal expansivity are shown in Table 1 . The aluminium filling per- 
centage was favourable at 1 00%, but the thermal expansivity was excessively high at 1 3.5x1 0" 6 /^ giving a material of 
is practically no use. 

Comparative Example 4 

[0071] An aluminium-impregnated carbon-based aluminium composite material was obtained in the same way as 
20 Example 1 except that the pre-heating temperature was set to 600 °C which is below the melting point of aluminium. 
The results of evaluating the properties are shown in Table 1 . The aluminium filling percentage was low at 73 volume 
percent and there were problems with the thermal conductivity. 

Comparative Example 5 

25 

[0072] A carbon-based aluminium composite material was prepared in the same way as Example 1 except that a 
carbon formed body (average interplanar spacing d^g =0.343nm) obtained by calcinating needle-shaped coke, pitch 
and phenol resin for 3 hours at a final temperature of 2000 °C was used instead of artificial graphite. The properties are 
shown in Table 1 . 

30 This carbon formed body produced bubbles and broke up when soaked in water. Furthermore, when 30nm cubes were 
left in air, they gradually powderised and after about two weeks had completely lost their original shape and become a 
powder body. It is supposed that this is caused by the formation of aluminium carbide by a reaction between the carbon 
and aluminium. 

35 
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Example 5 

[0073] A total of four types of carbon formed bodies, including 3 types of commercially available artificial graphite 
materials A, B and C, and one type of carbon-fiber/carbon composite material were respectively heated to 760 °C in 

5 argon gas for 90 minutes, and placed in molds heated to 500 °C. The molds were filled with pure aluminium melted at 
81 0 °C. A press was used to apply a pressure of 500kg per cm 2 of the cross-sectional area of the plunger, and this state 
was maintained for 30 minutes. After cooling, the whole mass of aluminium was removed and cut to obtain a carbon- 
based aluminium composite material. The aluminium filling percentage ranged from 96 volume percent to 100 volume 
percent; and the content ranged from 7.7 volume percent to 27 volume percent 

io The thermal conductivities, thermal expansivites and bending strengths are shown in Table 2. 
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Comparative Example 6 

55 

[0074] A carbon-based aluminium composite material was obtained in the same way as Example 5 except that the 
pure aluminium melted at 81 0 °C was added without pre-heating th artificial graphite material A in the mold. Th alu- 
minium filling percentage was 70 volume percent, and the aluminium content was 9.1 volume percent The thermal con- 
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ductivity, thermal expansivity and bending strength are shown in Table 2. The degre of increase in the thermal 
conductivity between prior to and after impregnation of this carbon-based composite mat rial was low. 

Example 6 

5 

[0075] Two types of carbon formed body, commercially available graphite materials A and B, were used. Each car- 
bon formed body was respectively pre-heated to 960 °C in argon gas for 1 20 minutes, and then placed in a mold heated 
to 600°C. The mold was then filled with 7-3 brass melted at 960 °C. A pressure of 1 000kg per cm 2 of the cross-sectional 
area of the plunger was applied, and this state was maintained for 30 minutes to impregnate the carbon formed body 
io with the 7-3 brass and form the composite. After cooling, the whole mass of 7-3 brass was removed and cut to obtain 
a carbon-based 7-3 brass composite material. The 7-3 brass filling percentage was 94 volume percent and the 7-3 
brass content was 12 volume percent and 25 volume percent 

[0076] The results of measuring the thermal conductivity, thermal expansivity and bending strength are shown in 
Table 3. 

15 



TABLE 3 







Density 
g/cm 


Thermal 
Conductivity 
W/(m.K) 


Thermal 
Expansivity 

xioVc 


Beading 
Strength 
kg/mm 2 


Porosity 
VoL% 


Metal Filling 
percentage 
(VoL%) 


Artificial 
Graphite A 


Post-Impreg. 


2.91 


200 


5 


2 


0.* 


95 


Ppc-Imprcg. 


1.S2 


160 


1 


1 


13 


0 


Artificial 
Graphite B 


Post-Impreg. 


3.75 


190 


6 


3 


1.6 


95 


Pte-Impreg. 


1.53 


100 


3 


2 


27 


0 



Note: Artificial graphite material A: max. particle diameter 3mm 
Artificial graphite material B: max. particle diameter 0.8mm 

30 

[00771 Th e following points were clear from the results of Examples 5 and 6. The thermal conductivity had risen by 
up to 100W/(m.K) compared to the carbon formed body prior to impregnation, making it possible to achieve a thermal 

35 . conductivity of 200W/(m.K) or greater which is demanded for the base substrate of an electronic component. Further- 
more, it is shown that the thermal expansivity could be freely controlled from 5x1 O^C to HxlO^C by selecting the 
type of metal or type of carbon formed body. This thermal expansivity is similar to that of silicon (3x1 0" 6 / °C to 4x1 0* 6 
/°C), and that of aluminium nitride (4.5x1 0" 6 / °C) or alumina (7x10" 6 /°C), which are each mounted on the substrate. 
Accordingly, a substrate employing the carbon-based metal composite material of the present invention can reduce the 

40 amount of thermal stress produced by differences in thermal expansivity between the substrate and electronic compo- 
nents mounted thereon, making it possible to inhibit the generation of defects such as warping and peeling. 

Example 7 

45 [0078] Commercially available artificial graphite was cut to prepare two carbon formed bodies of length 100mm, 
width 1 00mm and depth 1 0mm for use as substrates. A semicircular-shaped groove of diameter 12mm was cut into the 
substrates; a stainless steel pipe of external size 9.5mm and pre-formed to match the grooves was sandwiched and 
provisionally fixed between the two substrates. This was then placed in a metal mold and pre-heated to 750 °C in argon 
gas for 90 minutes. Aluminium (JISAC4CH) melt was poured in and cast at a pressure of 500kg/cm 2 . After cooling, it 

so was cut to obtain the substrate-shaped carbon formed body for an electronic component shown in Figure 4. The alu- 
minium filling percentage of the formed body was 99 volume percent and the aluminium content was 12 volume per- 
cent; the thermal conductivity and thermal expansivity were 200W/(m.K) and 5x1 0" 6 / °C, respectively. 

Example 8 

55 

[0079] A substrate produced by subjecting a carbon composite body having carbon fibers orientated in a single 
direction to cutting orthogonally to th fiber direction was used to provid a carbon formed body of length 50mm, width 
50mm and depth 1 0mm. 20 grooves of length 50mm, width 1 mm and depth 2mm were cut into the carbon formed body 
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at a pitch of 2mm. Thin plates of length 50mm, width 20mm and depth 0.9mm and cut from artificial graphite material 
were inserted into the grooves. This was then provisionally fitted via a mold-release agent in a mold made from steel 
material. This was then placed in a mold and pre-heated to 750 °C in argon gas. Aluminium (JISSAC4CH) melt was 
poured in and cast at a pressure of 500kp/cm 2 . After cooling, it was removed from the mold and cut (refer to Figure 5- 
5 1 and Figure 5-2). The aluminium filling percentage was 99 volume percent and the aluminium content was 9 volume 
percent; the thermal conductivity and the thermal expansivity were 400W/(m.K) and lOxlO^AC, respectively. 

Comparative Example 7 

10 [0080] A carbon formed body indentical to the carbon formed body of Example 7 was prepared as a substrate, and 
a substrate-shaped carbon formed body for an electronic component comprising a carbon-based aluminium composite 
material was obtained in the same way as Example 7 except that the aluminium impregnation was carried out without 
pre-heating the carbon formed body. The aluminium filling percentage was 40 volume percent the aluminium content 
was 5 volume percent, the thermal conductivity was 124W/(m.K) and the thermal expansivity was 6x1 0" 6 / °C. 

is [0081] In Example 7, observation of a cut face of the carbon formed body with a microscope revealed that the alu- 
minium had completely filled the spaces in the carbon formed body. Furthermore, the gap between the stainless steel 
pipe and the substrates was filled with aluminium without any spaces thereby achieving integration. In Comparative 
Example 7, the filling of the spaces of the carbon formed body was not complete, and the integration was not sufficient. 
The thermal expansivity of the substrates of Examples 7 and 8 was close to that of silicon, alumina and aluminium 

20 nitride. Furthermore, there were no spaces at the interface joining the substrates and the cooling pipe or fins resulting 
in excellent thermal conductivity. 

Example 9 

25 [0082] A carbon-based copper composite material produced by impregnating a unidirectionally orientated carbon- 
fiber carbon composite having a porosity of 8% with molten copper at high pressure according to the method of Exam- 
ple 1 was used to prepare a 30mm substrate piece having a thickness of 3mm (thickness direction is longitudinal direc- 
tion of fibers). The copper filling percentage was 93 volume percent, the copper content was 7.4 volume percent and 
the density was 2.6 g/cm 3 . A metal film mainly comprising molybdenum and chromium and having a thickness of 10 

30 microns was formed on the substrate by plasma spraying: White alumina having a purity of 99.6% and an average par- 
ticle diameter of 1u.m was plasma sprayed onto this metal film to prepare a ceramics film with a total film thickness of 
0.1mm with the metal coating. Since pinholes were present in this film, a glass frit was thinly laid on the film and cal- 
cined at 900 °C. An aluminium foil of thickness 10um was laid on this film, and then a copper foil of thickness 0.3u,m 
was stacked on top thereof It was then treated using a hot press for 30 minutes at 2MPa and 650°C to obtain a copper 

35 plated substrate. An example of the use in an electronic component of a carbon-based metal composite material pro- 
vided with an insulating film is shown in Figure 6. In the figure, a ceramics insulating film 62 is provided on a substrate 
(60) employing the carbon-based metal composite material via a joining layer (61 ) of solder. An electronic circuit (63) 
and electronic parts (64) are directly provided on top of this film. 

In order to confirm the electrical insulating properties of the ceramics film, a potential difference of 500V was applied 
40 between the carbon-based metal composite material substrate and the copper plate and the electrical resistance was 
measured using an electrical insulation tester. The electrical resistance was infinitely large thereby confirming the elec- 
trical insulating properties of the ceramics film. 

Example 10 

45 

[0083] The surface of a 10mm carbon-based copper composite material substrate similar to that of Example 9 and 
having a thickness of 1mm was polished to give an average surface roughness of 0. 1um. A magnetron sputtering 
device was used to form an alumina film of 0.03mm on the substrate by flowing 1 0ml per minute of a gas mixture con- 
sisting of 9 parts argon gas and 1 part oxygen gas at an atmosphere pressure of 1 Pa for 12 hours at a power output of 
so 300W. The temperature of the substrate at this time was 300 °C. 

The alumina substrate film was observed with a scanning electron microscope at a magnification ratio of X5000. The 
film was transparent and glassy. No defects such as pinholes, and cracks were observed. 

In order to confirm the heat resistance of this substrate, the step of heating the substrate in air to 400 °C and then allow- 
ing it to cool naturally was repeated 5 times, and then the substrate was observed with a scanning electron microscope 
55 at a magnification ratio of x5000. No defects such as cracks or pinholes were observed proving that the substrate is 
heat-resistant at a temperature of 400 °C. Metal was then deposited on the alumina film applied using the magnetron 
sputtering device, and the dielectric strength of the film was m asured by testing th electrical insulating prop rties of 
the metal film and carbon-based copper composite material using an electrical insulator tester. The dielectric strength 
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of the film was between 500V and 650V. Furthermore, the specific resistivity of the film was measured to be at least 
10 12 ft-m. 

Comparative Example 8 

5 

[0084] A carbon-based copper composite material provided with a ceramics film was prepared in the same way as 
Example 1 0 except that a carbon formed body substrate having a copper filling percentage of 95 volume percent, a cop- 
per content of 45 volume percent and a thermal expansivity of 1 2.5x1 cVc was used. When the substrate was heated 
to 250 °C and allowed to cool naturally to room temperature, cracks were observed in the ceramics film as a result of 
w the difference in thermal expansivity between the carbon-based copper composite material and the ceramics film. 

INDUSTRIAL APPLICABILITY 

[0085] The carbon-based metal composite material of the present invention has at least 90 volume percent of the 
is pores of the carbonaceous matrix substituted with a metal component, and has a metal component content of 35 vol- 
ume percent or less. Its high thermal conductivity and low thermal expansivity make it useful as a heat dispenser for an 
electronic component. It can also be used as a structural material for astronautical components or a general structural 
material having excellent specific strength and specific rigidity, and an extremely great industrial contribution has thus 
been made by the provision of this novel material. 
20 Furthermore, the method of producing a carbon-based metal composite material according to the present invention is 
also useful as means for providing said composite material, and it is likewise of great industrial use in that it solves the 
problems associated with molten metal, particularly, aluminium impregnation which was considered as impossible in 
the prior art 

25 Claims 

1 . A carbon-based metal composite material comprising a carbonaceous matrix and a metal component dispersed in 
said carbonaceous matrix, characterised in that 

30 (1 ) at least 90 volume percent of the pores of the carbonaceous matrix is substituted with said metal compo- 

nent; and 

(2) the content of said metal component is 35% or less based on the total volume of said carbon-based metal 
composite material. 

35 2. The carbon-based metal composite material according to claim 1 wherein the metal component is at least one 
metal or an alloy of at least one metal selected from the group consisting of aluminium, magnesium, tin, zinc, cop- 
per, silver and nickel. 

3. The carbon-based metal composite material according to claim 2 wherein said metal component is at least one 
40 pure metal component selected from the group consisting of aluminium, copper and silver. 

4. The carbon-based metal composite material according to claim 1 wherein said carbonaceous matrix is a pressure 
formed body comprising at least one type of carbon material selected from the group consisting of graphite crystal- 
line carbon materials, carbon composite materials reinforced with carbon fibers andfor carbon powder, artificial 

45 graphite powder and carbon fibers. 

5. The carbon-based metal composite material according to claim 4 wherein the average interplanar spacing d^ of 
the graphite crystals of said graphite crystalline carbon material is 0.340nm or less. 

so 6. The carbon-based metal composite material according to claim 1 wherein at least 95 volume percent of the pores 
of said carbonaceous matrix is substituted with said metal component 

7. The carbon-based metal composite material according to any one of claims 1 to 3, wherein the content of said 
metal component is 5% to 30% based on the total volume of said carbon-based metal composite material. 

55 

8. A method of producing a carbon-based metal composite material comprising impregnating a carbon formed body 
with a molten metal by contacting said carbon formed body with said molten metal under pressure, characterised 
by 
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(1 ) pre-heating said carbon formed body in an inert atmospher to a temperature at least as high as the melting 
point of said molten metal, and 

(2) impregnating the pre-heated carbon formed body with said moften metal at a pressure of at least 200kg per 
cm 2 of the plunger cross-sectional area. 

5 

9. The method of producing a carbon-based metal composite material according to daim 8 wherein said carbon 
formed body is a graphite crystalline carbon material calcinated at a temperature of at least 2500 °C and having an 
average interplanar spacing of 0.340nm or less. 

10 10. The method of producing a carbon-based metal composite material according to claim 8 or claim 9 wherein said 
carbon formed body has a porosity of 50 volume percent or less. 

11 . The method of producing a carbon-based metal composite material according to any one of claims 8 to 1 0 wherein 
said carbon formed body has a porosity of 5 volume percent to 30 volume percent 

15 

12. The method of producing a carbon-based metal composite material according to claim 8 wherein said pre-heating 
temperature is at least 100 °C higher than the melting point of said molten metal. 

13. The method of producing a carbon-based metal composite material according to claim 8 wherein said impregnation 
20 temperature is 50 °C to 250 °C higher than the melting point of said molten metal. 

14. A substrate-shaped formed body for an electronic component characterised in that it is formed from a carbon- 
based metal composite material according to any one of claims 1 to 7 or a carbon-based metal composite material 
obtained by a method according to any one of claims 8 to 13. 

25 

15. The substrate-shaped formed body for an electronic component according to claim 14 wherein said carbon-based 
metal composite material has a thermal conductivity of at least 150W/(m.K) and a thermal expansivity of 4x1 O^AC 
to12x10 _6 /°C. 

30 16. The substrate-shaped formed body for an electronic component according to claim 14 or claim 15 wherein said 
substrate-shaped formed body has a thickness of 0.1mm to 20mm. 

17. The substrate-shaped formed body for an electronic component according to any one of claims 14 to 16, wherein 
said carbon formed body is a cooling device-fitted substrate obtained by integration via metal with a cooling device 

35 having a liquid as the cooling medium. 

1 8. A carbon-based metal composite material provided with an insulating film obtained by covering the surface of a car- 
bon-based metal composite material according to any one of claims 1 to 7 or a carbon-based metal composite 
material obtained by a method according to any one of claims 8 to 13 with an insulating material. 

40 

19. The carbon-based metal composite material provided with an insulating film according to claim 18 wherein said 
insulating material is a plastic or ceramics material. 

20. The carbon-based metal composite material provided with an insulating film according to claim 18 or claim 19 
45 wherein the thickness of said covering layer of insulating material is 0.6mm or less. 
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Figure 1 
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Figure 2 
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Figure 3 




20 



EP 1 055 650 A1 




21 



(43) 1MB 
2001 $7^5Q (05.07.2001) 




PCT 



(10) SRttM** 

WO 01/48816 Al 



(51) ®&¥flfr#m 7 : 

(21) mmmmm^: 

(22) BBffiHB: 

(25) mmthmoms: 

(26) BB&HOVB: 



H01L 23/373 
PCT/JP00/09133 
2000^12 £22 B (22.12.2000) 
B*ff 



(30) 

ftl? 11/368108 

1999^12^24 B (24.12.1999) JP 
T#ffi2000/80833 2000 ^3 22 B (2103.2000) JP 

(71) B«Af#S*»<±T«>ftSai::oi*T;: a* 

»*l*a£tt (NGK INSULATORS, LTD.) [JP/JP]; T 

4674530 Sftft«£BmaaB9BW2*56*Aichi 

(JP). 

(72) *W*;fccfctf 

(75) J6M«/ai«A C*H(ZOL^TO*;: SJlH£¥ 



(ISJilKAWA, Shuhei) [JP/JP]. = # ft (MITSUI . 
Tsutomu) [JP/JPJ. @ (SUZUKI, Ken) [JP/JP]. 

*LU(§3E (NAKAVAMA. Nobuaki) [JP/JPJ. 
(TAK^UCHI, Hiroyuki) [JP/JPJ. H^SIIL 
Seiji) [JP/JP]; f 467-8530 S *fl 11 € cf M E £ ffl 
ST2§56^ B*ff?tt3t&ttfl Aichi (JP). 

(74) ftlA: TiHS, *r(CHIBA, Yoshihiro et al.): t 
151-0053 KSt»»«Btt**2T§ l#l#Sf8'7-f r 
>X£ 9 — I6B Tokyo (JP). 

(81) £g (Brt;: CN, KR, US. 

(84) »SBCi£«;: a-nv//W»(DE > FR,GB l IT) i 

Btt&IWB: 

- BB?ISS«&# 



(54) Title: HEAT SINK MATERIAL AND METHOD OF MANUFACTURING THE HEAT SINK MATERIAL 

(54) maozifci t-h»»^Mtftoaua 





S304 








£AC3 


SffLTtf 

saw 


S30S 



00 
00 



8302. 
S3 03, 
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- . PUT GRAPHITE IN A CASE, AND STORE THE CASE IN A 
FURNACE. 

. BAXB THE GRAPHITE (POROUS SINTERED BODY) 

. . STORE THE POROUS SINTERED BODY AS CONTAINED IH THE 

CASS IN A PRESS. 
. .POUR A MOLTEN KBTAL OF A METAL IN THE CASE. 
. . PRESS DOW THE MOLTEN METAL WITH A PUNCH FOR PRESS 
FITTING ( IMPREGNATION TREATMENT) 
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(57) Abstract: A method of manufacturing a heal sink material, comprising the steps of putting graphite in a case (70) and storing 
the case in a furnace (Step S301 ), baking the inside of the furnace (60) so as to manufacture a porous sintered body (12) with graphite 
(Step S302), taking out the porous sintered body (12) as contained in the case (70) from the furnace (60), and storing the porous 
sintered body (12) as contained in the case (70) in a recessed part of a press (62) (Step S303), pouring a molten metal (86) of a metal 
(14) in the case (70) (Step S304), and inserting a punch (84) into the recessed pan 'so as to press down the molten metal (86) in the 
case (70) for press-fitting (Step S305), whereby the molten metal (86) of the metal (14) is soaked in open porous parts of the porous 
sintered body (12) by the pressing of the punch (84). 
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^R14H:#?LS^1 2 ©IB&?L&*K::&gt5 

MIBi^EE§g§3 0^1 8 0SlEig : $-&5 Ur«;^S8) . dO^Is] 
Slf^lCckoT, ^114 4 a #T2fK:<4irr fg2^4 4 bl*l©ig|K 

&JR14W:, m**l£4 4 artfc«Tr*££fcfc*. 
b9IBXx^7'S 7TOjpEJaa ' (^lli) ICckoT, fiK&jR 1 4 ©-fflW 

4 4 afcSSTrSfcBteK 1 4 (2£?LKffitt# 1 2 C«$n^^ofca#»tt 
3S#»Jtt^JR*^lS4 4artK«Tl/fcSie-e, £12^4 4 blC 

fl=&3§3 ort*»iitt<esgiu ise^§§3 o{it,jgt^$n-5>. c:©>r^ 

45»9l:J:oT, *MS£?LfM&tt# 1 2 K^S$nft*iK41 1 4fr\ fcjSK: 

«sn&£7Lft&ii&#i 2^^y , ->fi»L, ?&^j»/->K:a9:fi$nTH5 

£©?M»Lfc^©ttttfc«koT#?lK&*Sfl: 1 2 ttfc&fci&aiSflSIltKfc 
*. C©»»jaS»C*lr»Ttt/^?L*»»#l 2t»a^&i»*#ttfc0, & 

d©i3{;, SBi©8HS;frffi©&ig£»tf;i < fc£«fcD, ^77-fM:i5 
#?LRK^l 2^s©^«i 4©^S«LSSMfcff^^t*«T?#, L^t), £ 
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|SlO¥^Xtt^m^Ott^|^OJRfi3W!*«i 8 0~2 2 0W/raKK±T$o 
T. iiWiXl 0- 6 /"C~l 0X1 0- s /tT?**t-hi/>^ 

*T?©TOSft»!6*3&*4. 0xi0- 6 /t-9. Oxio-'/tT, 
t-i3tt^iRi03F^XttVi1"nd»©tt^|p]OS!lfe»2|S3&«i 6 OW/mK (M) 
«±, JfSKttl 8 0W/mK«±T**k- h ££**T?*.5. 
WIH^r-y^S 5fc*JHT; t-^4 2l:liLTill4 4aMl4$ 

4 0»£J:D 3 0*C~2 5 0*C*WI«a«J:<, b < ttttlBHWU 0 5 0*C 

~2 o ot;Kwaflw«3£t,tr>. c<dj§£, *ffiS'S3 ort*i x 1 o'-'Tp 

t\Z£^TMJ£®&3 0 fC#^-TSJE*tLT«, 0. 9 8MPa£l±, 202 
MPa£tTif5..u©^, 4. 9MPaPi±. 2 0 2MPaOTff*l/<. 
ckD»SL<«9. 8MPaK±, 2 0 2 M PETF?** £ <fcH. 

*E«»3 0-^©ffi*©#4«f|HJttltJ>^±, 6 0OTU<, MS 

^m~5 0 m(&&©a*9 0 v o l %&±#£U fro. ftfL#fr*l 0 v o l % 
~5 0 v o I 

-5 0/xmOt>©*«9 0X£U:#fcU" fro, &7L**<2 0vol%~70vo 
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fflK*rv:7S 7fci5HT. S5JEM3 0'fc##T*£E*tt, £Hnm&tel 

2 om^mz^mi 4^±\z^m^^^>rzt!biz^wfs.j£tiX'$>^ a corns* 
2i;^n .4*^ssnTir»&^i!Bst?L*«a#-r*t. 

Z\<DJ£tHt*r<D%t\%%Vyz/2.rt-> (Washburn) <0%\Z £o T«lJ&7?** 

©£*3-9. 2MPa, 1. 0um*Otf3. 92MPa, 'l 0/tm*Ot* 
0. 3 9 2MP acDJE^iS^T&S. L)&»Lfcj&«S. SSI&fcW9&?l&a«0. 
1 um4>(DttmZ0. 0 1 tfm^!^T©^?Lt#4tl» (03 l&tfB3 2# 

7*1 Mc«k3#?LK&£§#l 2*ftmz> Ufy^SlOl) . ffijE$»3 0 
*SMW«IBk:LT. KE£g§3 0rt£RttSnT^-5il&*gg4 0©Ili44 
aSrTOlIfee^-a:^ Ufy^S10 2) . 

MMI^l 2$^2t4 4bCt7M/. **»lK£ttfc&JK 
(^Ftt&iR) 14€Ili44 artCStLi&tf Uf-y^S 10 3). 

Ili44 aft<7)?ggS&J£l 4*«9fgfflSHSLfcaBT. iHJE^Ss 
3 0£ 1 8 0&<E|g;£i*s (Xr7yS10 4) „ Z\<D&MWltt-\Z&iT. £l 
g4 4 aA®£fife&JR 1 4TOl:fiit^2i4 4 bK&TU COgpgT, 
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Sffi«S3 0l*lS:iPJET5 Ufy^S 10 5). ClOADflEfflaCioT. SOIB 
1 4 f*£?LK$|g# 1 2 ®H!S7iaiW;:£«-r<5 

MSt75 7^W^^ttM (Hw-frT) a«I8:tt&n&KJEgg3 
OfcfflHS. 8iMc§g4 0rttt. S9Ett«J«C«koT*1^4 4 at^2!4 4 

10 flttEtt^Jtei LTH g3l$iJ»4 0vol%~90vol%T, j&^tlTL&a* 
0. 5mm-3. 0mmT**^?LJH:75y^«*fflV»*i:i*«a*L<» «fc 
0ff*U<ttft?LS|S*«7 0 vo 1 %~8 5 v o 1 *oftTLS*« 1 . 0 

15 fifcLT, McJ:5£?LKjfc*S#l 2£fE§2T<S> Ur^S2 0 1) . 

i^!E^3 OSSUfltfffiKLT. iftflE«83 0rtfcKttSnT^SBf**g4 0 
OMll44ara:, Jg2g4 4 b£±#K:ftM£-fr3 Ury^S20 
2) . 

. ^?LR«I»#1 2i*Jil4Oa*i«flEeg3.0fl!)iiBike«4 0rttC 

20 Atl. £M1 4 0^$±^l;ffilt§i2t4 4 b'rtfcEilU £7LKttffi#l 
2&TO»CM-r*»l*4 4aC : feyV-rs (7fy^S 2 0 3) . . 

i^JEE^fg 3 0 (&tf»*£g§4 0) ft£l«4 8£Sii; 

y^S 2 0 4) o 

25 t-^4.2Ha«LTlB2S4 4b0^JRl 4*iPJIft»»-r* (Xf 

>^ys 2 o 5) . we»»*jri 4*«m€fflafcaLfcU!»7?. tfT.gAfs o 

*aUTKE*g3 OrtK^ftffl^^WAtT. ^iUJE^§§3 0 l*]£;&[]EE-r<5 
(7f7^S 2 0 6) . dOiDE&StcioT. ±7j 2 ^4 4 b 
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5 zftmtz>fc®<Dip6 ot, m7\zmT£z>iz. ^nmm^w 1 2 iz&jr 1 4 $ 

£tl5 D> ^-OrtflHcdr-* 7 0M§pIift$PI7 2 <h, R3g|B!7 2 

rt{C«$nfc^r- 0£M&TSfca£>©k:-^7 4«tt£*lTV>5. >T- 

7°l/7i6 2(l H7lc*"rJ:"5K:. ±£BIH§P<Dra8 0 8 2 

cn«P8 0rttifiiPii!gtsn, ao, mas ortort^sffLTtfffiAf*^ 

15 >f8 4t$tt5„ 

buIH*p6.0 £7^7.816 2£m>fcfg2©Sig#ttfc^>TH8£#l!a 

5 Ut^^S 3 0 1). &6 0PW%®5L&tomLT, ^777< h£&fifcL 

20 2 (7f-/7*s 3 0 2) .. 

3ooovm&i£T*mmLT, m.mm^m 2 tux***. 

6 2 0(H»8 0rt»C^?LKtt*l#l 2£y-7.7 0 r^JK^-fS <7.xy:7*S 3 
25 0 3). 

^IC. ^-*7 Ortfc&Kl 4©»i§8 6«:&J|L&ift (7x y 3 0 4 ) . 
A'>^8 4W8 OrtfcJffflU tr-Z 7 'Oft0||ftgB&&8 6 Sr^LTtfJEA 
Ufy7'S 3 0 5) . £0/*>^.8 4 OffEE&SfcioT, &fgl4©i§ 
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l-2 0 2MPa <10~2 0 0 0^E) ttZ>Z£tfft£L^. 071: 

7f;T&o\z. ooiai^8 2ojk«»c» grjimmmfc 1 2 ca#-r 
*j:5HLTt>j;^. d©*£. /of8 4®EAi^i:> £nnmm&i 2\zm 

2^©^JR1 4 ©#g$!lS€:&SK:fT5 Lrtvfc. £ 

?LK4&B# 1 2 ^©&M 1 4 ©^g^£|p]±£i*5 d S3£T& 3 

lSl©¥*53Uaivfnfr©«^ffl©^SS*j&*l 8 0~2 2 OW/mKKl-eSo 
T. ^^>, &H3S$#<1 x l 0~ 6 /X;~l OX l 0" 6 /tT^t-hy>^ 
*f 1 0A£«£K:*§5C:£j&«T#3. 

±S£©jF6 o©fjfcbt)K:, ^J»£?iJfflT£JF£&fflLT ! b«fciri, £©*§-&. ^ 

gtC«fcoT*y h7-^YbtT^S^777< h (XttftJECS i C) fc*tLT 

#m 1 4^aw<s;5. ^ss©ia«tt, »»8 6 tpisfioias*^** 

"T*Ct*niSbVi 0 JMfcfttCte, »l§8 6**1 2 0 0 ^ 
777< hO^&ifiSttl 0 0 ot:~i 4 0 0*Cj&«S3:LV>. 

*2.©*ifi©»J8K:fc*t-h->>*#i OBtt, H9k:.^-r«k"5fw, 
>Xtt*©EI*fl:©f&#l 2 a£&Jil 4 ©Ml 4at$g^L, Br£ffl«, 

tfnE#-#>Xtt*©H*#£LTtt. ifiWlOOW/mKai, S£ 
L<«15 0W/mK^± <«?U«&^ttJBT©iiJ£tt) > $Sl::«L<«2 
OOW/mKfiU: (a?La*fc^ttJ8T©«S£<I) ©t>©££/8T£ H i: L 
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K ftfc. £©$&2©|&fifi©JBirai, ^^ : 77"T r^-f^K* 
ffifflrSJlt^T**. 0 0 W/mK£U:©^7 7 7*f 

^LT. WE^iIfttl/T>4, 7U*I!rtT©J5!HB«#arr<3£, iWfE&Jl 
1 4fc*Stt*»£<D- 1 Ot:-- 5 OICjWSK, MfE^EErttLTW:, 1 
0. 13-10 1. 32MPa ( 1 0 0 ~ 1 0 0 0 ^JBE) itjFiln, 

tfnE#-#>Xfc^©E*#©8Mfci 2 a i, &JK1 4 ©$& 1 4 a© 
V^^Hafi. 1 Mm- 5 0 0 wmlrfeS^tWSLU.. #-#>X«^© 
I^*#i&JRl 4tO#:S{2|Stt. #-#>X«>t©I^J(Mfc*l2 0 vo 1 %~6 0 
v o 1 %, &mi 4/6*8 0 v o 1 %~4 0 v o I XO«SH«t LT^*. £ft(Ccfc 

e&T* 3fft^f6]©5F^x«^rn^©ii^[fi]<D^^W2 00-350 

W/mKEU:T&^T, ^O, ill$^3 X 1 0- 6 /t~l 4X 1 0" 6 /t 

fcmzmmT2>%LRZtet/uatz<Tztw£. t-t> 1 ob©$hs 

**SlDl-*ck5l3LTt>J;V>. C©^iP7C^<i:LT«, T i, W, Mo, Nb, 
Cr. Zr, Be, Ta> V, B, Mnfct>M1Ri<tl1tim&>±&mtfZZ.ttfi 
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ilia^SHIIft Hmtk&m. ^RtfTe. Bi, Pb, Sn, Se. 
Li, Sb. TK Ca. Cd> N i frZMRZnfz 1 M&.±&mtia?2> z. tifi 

Bilf2&JI 14tC» Nb, Cr. Zr, Be. Ti, Ta. V, B, Mn 
«Sn, P. Si, M g^f,I«$nfc 1 l£(±$iHDT5 u tiiWS L^. d 

<-3*»©^jS (SI3 2ttf£4 0«ig:fr£) *H1 0-01 4&#SBL^6KM 

•C. fiMlOO (B10#i) t. *yh^«l'0 2 (Bll.#!fi) 

fl«10 0ll H10C*T«t5fC, ±gfl§fln©[H]SBl 1 0£W-f 5& 
Si 1 2 i, GD^fB 1 1 Ort£ifilpJtetS*L fro. MSB 1 1 0 l*l©l*]^$>£ff 
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1 2 a i^I 1 4©W 14 a i^^lfc fe®, BP^, 1 0 

*yh^«10 2li HI HC*-r«k-5lC. M©t#12 0rtl:, g£ 
Sita^T/O^l 2 2i, MT/1>^1 2 ! '2±KB£Sftfc±ffiraP0J!lft« 
5 OU*£i§l 24i, RB*$8gl 2 4l*lH±^6ii3ig«E<!:$nfc±/1>5 i 
126t, MiE»*^g§l 2 4£M-t3£&©t-^ 1 2 8#IStt<=>ftW5. 
W^c«S 1 2 4 fctt. ffiflCTftft&ftl 1 0 0'TfiJc^$tlfcfi^« 1 0 4 O^ftjfc 

«ff i o 6rt<JK«an*. :©sj;y M/i^fci 0 2i:fi nsgisofc 
10 T/t>^ 12 2 tt, B*$8 1 2 4 rt*Jnf»r-5fc«>oJnJ»ffl«E-tt:^> 

S30S^git Hi 2^Txg*etri:t»c«kr)fTt)ns. * 
?\ 0&i\Z%-'$>X\t J te>Rm#<D®fcl 2 at^JRl 4©f&#l 4 

15 atMT^LTig^l 0 4£»&& (7fy^S4 0 1) SHg£4fe 1 
0 4tfAotc5--X 7 OSfWIl 0 0l:*(t^Sl 1 2 ©Ml 1 0 I*) 
KUK£T* (Xf7yS4 0 2) . A'>^1 l 4£Ml 1 Oftf-JBEA 

IxTiS^l 0 4£^i/&^LT¥M^#l 0 6&I&M-?Z> Uf7 7 P S4 0 

3) . 

20 *ill2 ^ ^ffitfmfc 1 0 6 it} LT, 1 0 6 * 

*y h^l/Xtll 0 2»C*Jt*B5kMl 2 4flf;:iK^-f 5 (*5ry7S4 0 

4) . Bi^«»i 2 4£«&L&£, 3 0 £ifii;TB*£«l 24rt© 
*2§l**f?oTEB*«»l 2 4'rt*AffittJ6H-r* Ufy^S4 0 5) . 

t-* 1 2 8 iciimLT, i 2 4 \*KDumz&m 1 4 ©ms© 

25 -lOt: 5 OlCKf* Ufy^S4 0 6) . 

IlS^l?)u < !:l: e t;oT»t-h-»^|Jl0BtLTfffl$n5. 
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¥^X«U-rn^O»(6]©^*^2 0 0~3 5 OW/mKWT^oT, 
3 X 1 0" 6 /"C~ 14X1 0- 6 /tTfe5h-hv>i7^ 1 
0 BSrSSKHS.* 4. 

»4©Kit^C"3^THl 3ROT1 4S#SaLfe*«5iJiW"rs. d 
10 ©»4 0«jfi^fisT«, B 1 4 ICST *5 fc, flMlO Ottftftfl;, 

Ut^S5 0 1) , dr-X7 Ort0»£ttl 0 4£ift»#y 0 
15 2 l 2 4rtKJRg"r* Ufy^S 5 0 2). fi^c$8S 1 2 4 

£®£rL£&, 9MM?1 3 0*ai;TiB^$§gl 2 4 rtO*a§l*Sff oT«© 
^C*S1 2 4ft€rJlJE!RJIK , r* (Xx y^S 5 0 3 ) . t-^12 8 

{camLx, »**si 2 4rtoii«*&jm 4cds$^©- 1 ot;~- 5 ov\z 

f 3 (Xf'^S 5 0 4). 
20 J9r£MK:3!Lfca»T. ±/t>^l 2 6 £T#K;&ft!j£i*T, 1 0 4 

I^O*fcfi***«2 0 0~3 5 OW/mK^itc&oT/*^, «5I$^3X 1 

0" s /t- i4xi o- 6 /r^5t-hy>^^i 0B*$si:#5utA« 

25 Tr#-5. 

S3 ©SU6©JBS8fcfiS5fc-h zs>2ttl 0 Cfd^tiTS 1 5£#BBL 
i3©iMii:i^t-N-»^«i0C(l S l 5 {c^Tcfc ? tc, a- 
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#>Xtt*©|q*#©ffrft:i 2bW>^- $££ig£Ufcg^t& 
£SnELT^ffijfc^#&tf:/n«,* !M35fa XlitttMti&oTt 

Sfc. MfE#-#>X^©|!^#©#Hfcl 2 b©¥i^»*«[flEtt. 1 xim~ 
2 0 0 0 MK»#1 2 ba**/jN©£$££*#|Sj£, S*©g$£ 

i5^fS]T. >*©*$©Jfca«l : 5£nFT?**c:£jW*Us. £©*§£, &t> 

ox, «i8omx&4irii»-r*i:t'bPif)8T?**. -tuc, *-#>xh*©ri- 

*#.©&# 1 2 bt£JRl 4 £©#«$«. *-3l?>Xtt-?-©|g*-ft:d«2 0 vo 
1 %~8 0 v o 1 %, &JR 1 4 8 0 v o 1 %~2 0 v o 1 X©ifiBfl«S£LV> 0 

M©«tiwii$fcgftfntf£v>o 

tf*S£U>. 0^0, ^ft&efc§©fc&©^ijn7uiSt, *-#>Xtt*©|B|*fl:£ 

mi 4 t©s*tt*iRi±s-&sfc«)©asiiP7cSi» »8sntt*i6]±$-ii-sfej&© 

ft3©^lfi©»SI©ft5©i!!ig^ffiKOViTBIl 6 £#BgLft#£>=fcBJ 
«. dOft5©iijt^fe7?«, Sr. #-#>X«*©IrJ*#©8M*1 2bl; 

*LT, ^©S^ttS^E^TUDELT^Mj^^^^^r* Ur-^S 
6 0 2) „ JPE^Mi:LT«^U7 > ^6 2 <H7#flg) X«fl«10 0 
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(01 fcJfl^SfcJ;^. 
Sr.fr 5 (Xr^S 6 0 3). ^O^ia«tt. flJAtf. 1 4rtU 2 0 

o , cgg-e*afce>tf. ^77< F©f»ji o o or~i 4 o or^'s 

Jl©*5©«i6^fcJ:ntf, Xf-^S 6 0 2 Tff 5JDflEfflaic*^T, B 
S&SSK, b-h~»?*;fl 0C*«41liC«ig-r-5Ct*«T#*. TfctoS, 
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©«8T' r^JniEj tSS$nx^5fc©H ±l2JjDi£l@Xx^7 P S 6 0 2 
5 BSbT*##£i!jt#iS&fc^^{3^©3;££JIl 4^S$tfcui^LT^ 
TJdIEj iJiwSnT^S'tiOit **Hfcl 0 0 0 cm 3 (C7k#^* 1 
0 cm 3 <h7Kl 0 0 cm 8 £SRiDLTJEEIfrU -tflD&^flB* (1 2 0 0t) fc# 
1 7K # 5 7. £ $ i* T f&M L tc fe © T & -5 . 

10 Hl8S#lL&#6Kg8t5. £©Sfl 6 ©S«i£T-«, U:^ £JI£ig£?L 
S7 0 1) . CUT, @&###/&i:«&Jg *¥Mftm\ZLtc 

15 £L£&©©ilii#£*rf 0 

x\z. ti-#>-x.\tt(Dmmw<D®w 1 2 a tmtmn&m 1 4 sfc«H«* 
-eur> ;:©*#& 1 2 a -frfcfciB&ji 1 4 £t£\tmm&ft&mzmm 

iQIU 3fM!KMt§utth-hy>^01 0C 
20 Ufy^S7'0 3).. 

l^Kw^io^) £^-r. d©^i ©n&wi, 3 as© 

tJ-S> (P. M, N) \Z-D^X. ^g-fS&JSl 4©SIB. ^iD7C^©S®, 
25 ^g#fe£g*_T, 2£ft©gi£g3!£©gt,>, 2#fi]©S!ft»M©iiU, 2^f6] 

©tttf3ft«©»K *in7c*©3&*£*tt-£ftjifcfe©T**. d©n 

»«©tt**Hl 9-H2 lKl^T. 3ffl^©^-^> (p, m, N) © 
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*>©«£•) t>±#K:Si<&oT^5. **. $fi«©##8&£»a«st,»#. 
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5 i2 0»Jtt. £«JBE*£2 6. 7MPa (2 7 2 k g f /cm 2 ) , 

15 6. OMPa (1 5 9 2 k g f /cm 2 ) Tffofeo d©HR0y©J3&&BI 
2 .4 td^T = 

B2 4MU <OT?jK-r) v (OTSt) fet^T. 

#-#>©ffi»a£ (&» : J I S R 1 6 0 8 7 7^^55 7 
^X©EE«3fi$tt»*ffi) «®£faT2 4. 5-3 4. 3MPa (2 5 0-3 5 
kgf/cm 2 ) , JP^^fRjlr34. 3-44. IMPa (350~450kg 
15 f/cm 2 ) :©**)J»6, ±B£«IgT!tt;&-#>©ffltt3ag©4 

» 3 £«JBE*£2 6. 7 MP a (2 7 2 kg f/cm 2 ) » &Z>* 

.6 0. OMPa (6 1 2 k g f /cm 2 ) TfTofc„ C©Hf*0y©£&£BI 2 5 
-02 9 IC^To 

Lfcfc©T?**. 
C©^2 5**6, IWny 
-5. 

B2 6~B2 8tt, «ttt^SJE*Sr«!:-3-T, Iftlttfctt-ttt-fn, mZJjfa<D 
25 EM, Mg$toTyo7Mfct)©T3&5. dtlb©B2 

6~E2 8^b, Hlv£gjE2j£tt4Lfc«£©#a«» t>«J&*lSU:LT 

0 2 9WU i»S!"rS2 0©IB^FlPjT©JReig*©iilr>*yny KL£t>©T& 
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©B2 9j&>S, KV>£&BE2>*f<t5Lfc»&©;W«» lMT©«e.O#^>i& 
^ 3. 

2 3 ©H»0»mi, <&gm2/£BK LfcCtT?. ^il4©^I 

5©H^W3u a§4©&SS©J£l8lC43HT, #-#>K:&JRl 4S^SSt5§ 
«IgT, $«iJDEET*IR©'MflEa£, 1 4 Kj8SlP'r*7n*t&S5AT, 

10 »4©3fc|fc0Jtt, £«&JBKCu 0. 1 NbSIffll, £*BE#*iD*.fcH7G 
2 7MPa, 48MPa, 0 MP a *jDflEl/fc»-&T?fTofc. d 

0*»«lOtt**BI3 1 (C^To 

03 1 ttfltttifcaWLS, «*lllC»S*?L*a«:t»5, <fr£«BEa©»£K:fctt 
5SH*jLfcfc©T*5. uOH3 1*»5. ^gJBE;jj£±tf5;L£T^§^©^ 
15 gg?L$*f«'>LTUSut»-5. 

&5©3Ofc0»iraU ^«$i*5&JRK7E*£*i!jnUfc^*#£, Cu5S i£ 
«&inLfcJ§'&;fttfCu 0. lNb£&iOL&*£"T?&?), ^gJE-fclCS^TH: 2 
7 MP a <DM at. A 3MPaOi^3l»l/t. £©5l»0!l©|g*£0 3 2 td^ 

r. 

uO. lNbl:^T»»ntt (JBfttt) ^ck^o -t©iie*. Cu5S 

&ic, *-#>x« j e©pi^«:{c^AT, s i c$&nnmm#tisTmm? 
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mr, Be, AKSi, Mg, Ti, N i S8&$nfc 1 a^±©^jD7C^ 

ZLT, S I C£&Rl 4£©»tttt©|SU:£iaoT. S i Cfc^fc 1 ~ 1 0 
v o 1 %, S*U<tt3~5 v o 1 %<DN i JftotSlStCt^iftLti. CCD 

S i Ci^Il 4 £©*§ni4tf)[R]±£Elc>T, S iCCf»Si*l~ 
1 0 vo 1 ItL<[i3~5vol ^«S-&5Ct3^ffSLV». 

*l/T. MI2S i CfC^g) 1~ 1 0 v o 1 %©N i &o#£;&ST> 

^j&s isi-iovoi %$m2#z>zt\zmmLT. s i ck**/^^* 

Ni^Si <i:cDlS^-i6o#^ili-rc<i:fenJHiTab-5 0 

S iCt^lMMfl^^TOTii;. MS i C#S iiCIC^ 

0 Kl#4T*JEa = 0. 9 8 MP a (1 0 kg f /cm 2 ) ELL, 9 8 MP a 

(i o o o kg f /cm 2 ) ^T) , w,2<»Qiw$i& (mmum=&fgi 40U 

,£<fcD 30t-25 CCSlrifiS) XUm3<D%im&ft (S i CK^l-l 0 
v o 1 %tf)N i &o££J&-f) SiCt^lHt© 

S i Ct&Ml 4tl*mtl&tfWMZtfrC>. 4 

ft3£>$!lg&# (S i CKI^«>1~ 

1 0 v o 1 %<DN i «6o#^JS-r) , Xte|g4©#l3I&# (S i CtC^&S i £ 
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1~1 0 vo *'n?Z\t\Z&r> S i C©ful^ffi#efcJt£tl. 

i c©^m, g?Lg, n i &?Z(Dftm: s i <sm<D&m. ^mi^m. jdee^, 

3 0tc:£ViT, SiC/Cu©SOTt S i C<hCu£©P^C^/&$ft}tE 
£fc, Z\<D&fe$i&<DWtM\Z. S i Ci:Cut©F B 1l;5wmJ^±0^I^i; 

• SJ&Jf ©/?3. (TO) *UtfmPiT - rsjfc&Lj 

• SJ&Jf ©JP#. (TO) *>U um&mz.5 umlZkT — rgjg^j 

Ji©^»e*^&, s i com?. ^?Lg, s-ssg, tu&ti. m&mm 

l&tf 1 2) fcoV>T«\ ^m*>S i C/Cu rsjfc&bj T> 

— inffi^^HljfSBf^HckO fcffiHO. 7 8 MP a (8 kg f /cm 2 ) 
Rtf5) , S i C/Cu^W fg^j tfcoTlri*. 
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we* i o*«fio»a (»i©«ijfi^ft; jis2osm 

2©M#&) l:*^T. S i C&|ijfflf**£fcL ^777<h^LT# 
?LH*ie#^8a-r*XS Uf^SL Xfy^SlOl. 7.fyyS20 
1". ^ff^S301, S^f'^S 3 0 2) fcOT?T?*tK ^<D'&<DZ?-y 

JBfcffSfijfi^rte (»7 0«JS^) fCO^T, B3 3H3 3 6£#J!BL&;&«S 

0 6 O^^fflf *Ci:H«fct)TfffcnS. hr/UT^l 0 6 0 

«. WE£2 0£lfi©^S8;?IBgiLfc*y 0 2 tSSIPl i;*jfiT* 

0 6 Ott, «ttOtf#l 0 6 2?ifc:, «#S*fe5T^ 
>71 0 6 4<h, RTA>5 1 1 0 6 4±fcHj£*nfc±ffiMa<&©**«l 0 6 
6t» 0 6 6rtfc±^5JtJi'afitS*ifc±/t>^l 0 6 8t, 

fiMBB^*gl 0 6 6£Jn8a"r<5&a©fc--# 1 0 7 0 #18 5*1X^-5 . &*3, 
Z.<D*y h^UXffil 0 6 0{Ctt.'H$5l#Ofci&Offiaff 1 0 7 2**R[t5n 

MEffi*g« 1 0 6 6H «f»2« 1 0 7 4 £#T£fij#©lM££*rt5. ±/f 

>^ i o 6 8 \t. *m\m\z, k±a>^ 1068 ©fife u h 

-f57 5>vgBl 0 7 .6*<ttttS*U *77>^»1 0 7 6 ©TffitCte. MEW 
ikMl 0 6 6®±«ffi£»ttLT»*«l§.l'o 6 6 Z®mWmiZ?Z>fztb<DA 
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y*>l 0 7 8aflRDttW"&ttTV»*. -7J. T/t>f 1 0 6 4 ©fWcte, W 
^c§gl 0 6 6rt*iD3»T5fc«i>Olnf!*ffl«t#^>li&ifcSgl 0 6 6rt*?&ai-r* 

5 £t\ S&^§S1 0 6 6 0+£gfl 0 7 4 fife, T*>5S i C 1 0 2 0, 

gt7$>;^S!©7-f;^1 0 54, 1 4 oaOffiTftftA'T* (7f?^S 
1301) 5 4<hLTte, «7L2|5*«4 0%~9 0 %T\ ^0^?L 

gtf«0. 5mm~3. 0mmT'*S£JLK-fe75y*tt£fflV>*££j&«S*U<, 
iOJf^L<(M$^7 0%-8 5%t, J&V3ftJL£tf« 1 . 0mm~2. 0m 

W\U7<( fr? 1 0 5 4 tt. S iCl 0 2 0 i^feJRl 4<D$lt$:ttty^T 
M**#»««»fc*<tt««tUTO«fi6**fcL, *£SB1 0 7 4©^^, 
1 0 5 4±©&JSl 4 0»*«-fey. h £n£g&#£±g 1 0 7 4 a. 7 J 
)V9\ 0 5 4T©S i C 1 0 2 0tfi±y b Snfc«#£T3[ 1 0 7 4 btLT^ 
15 «-f*itJ&«T#*. 

»*^3§ 1 0 6 6 £$itLfc&, ftgMf 1 0 7 2 SilDTS^Ss 1 0 
6 6l*j®*23l*£fToTK»*g8l 0 6 6 0Pi£ 1 0 7 4 a&tf 1 0 7 4 b 
rt*ftEttt8fc"t* (T.rvT'S 1 3 0 2) . 
■€"©&> t-^ 1 0 7 0 \ZM%\yX±M 1 0 7 4 a ft ©£JR 1 4 £ jD8ft»flrf 
20 5 Ur>^S 1 3 0 3) . Z<Dt£, fflMEfc — ^ 107 O^roittiliTT 
^>fro '6 4 0IgSl 0 8 Oto£.mmmffift&ffilsTMik&&l 0 6 6<Dftffl 

-tiio74 art©^i 4<d®m® (®m&m) tfmfeumzmvtzmmT\ 

±K>?1 0 6 8*T^rC»ftS-&T±Sl 0 7 4 aF^^m^E^TjDJE-r^ 
25 Uf7 7*S 1 3 0 4) . £©££, ±/\'>3 l 1 0 6 8©77>y»l 0 7 61: 
8t0ttttSnfc/ty*>l 0 7 8 tf^Sl 0 6 6©±«iSt©SfttXtXSl» 
©J¥£Efc«fc9, U*£»l 0 6 6#$§*Stt, rtgB©i§l»£JB*«IJ**3g 1 0 6 
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ffife!£\Zt£z>tz±.£l 0 7 4 aPW&Ml 4<D»mito (iSSt^jR) tt±£ 1 0 
7 4 artOJE*CJ;oT7-f 1 0 5 4£iILTT^l 0 7 4 bffllCft LttiS 
ftTMT^l 0 7 4 brttiA^n^i:^!:. ST^ 1 0 7 4 brtKRfiSft 

fes i c i o 2 oi:^s$ns. 

#ratfSK:«koT^i&KJt3nwS»j6 (S i C 1 0 2 Ort^®JgM£JRl 

0 6 4(*J©iiSSl 0 8 Ofc»aiffl«#*«EUTB^«gl 0 6 6 £T£^S±# 
ICfi^oTMStfSCchlwcfcO (7f»yysi 3 0 5) , SiC1 0 20Ct 
«Sn&*lH&JRi 4£)SB$tf-5. ^@^7-r-5^T±A>^l 0 6 8<hT 
A'>^1 0 6 4KJ:5i^*SBl 0 6 6 rt©;bnJEttjBttfc#$ftS. 

IH^TIMT, &JR 1 4#^gSn&S i C 1 0 2 0 1 0 

6 6j&*eiRl)fii-r Uf-^S 1 3 0 6) „ 

^©'«!ii^feK:*V>Ttt» S i C 1 0 2 0 ££JR 1 4 in 
*ftU ^11 4Sr^l!l!Lfc^, jS^jWdS i CI 0 2 0 »C eft 

fc©7?, s i c i o 201:^11 4$a*Wi:t«r«j:t«tT?*5. 

CIO J: -5 id. JSBAJR1 4iS i C 1 0 2 0**{3jDJET»C*S^fcftC, 

BUf20!lT«, SM^JRi 4©iin*l»jt'r*fc«>Jc. ±A>^1 0 6 8{:^(t 
£77>vg&l 0 7 6©Tffifc/ty*>l 0 7 8%miZ£olZLfztf, HI 3 3 
<Z>-,6lim?^T<fc "5 lC, 0 6 6©±^®lC/1>;/*> 1 0 7 8£I£tt 

*£3K:LTt>«kK mz 5 Atl^-Tct^fc; 'J >^<DfiJ^A'^^> l 

1 0 0S2#afcfi:L&/ty*>»*ri 1 0 2£. 0 3 6C3K"TJ:5H, ±A> 
^1 0 6 8.©T«fc:lfi:^5.«k5fcLTt)J;^. /"«y*>fiS*f 1 10 2 

1 0 4fc»IBfcJR#A!)£trC£'£«k0*fmrty*>l 100©fi 
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7 II^Tcto il> i^gl 0 6 6K*5tt<5+£«l 0 7 4 ©iff S^[Rj«t»**S»C 
£?Lffrfe5 3y**teT«J«3ft&7>;i/*W#l 1 1 0*«H#S*l. T£ 1 0 
7 4 b<DMW\zm 1 1 1 2*«BBBBi«fc«0^j-6nfct>Od«ffifflSn*.' fto 
T. »^c«ggl 0 6 6©+£3l 0 7 4©^^. 7>f Jl^gB&l 110«kDfe± 
©»»d*±^ 1 0 7 4 a £fc 9 . 7 ^ ;i^8B» 1 l l 0 «k 0 t>TOffi^*fTi 1 
0 7 4 bt&5. T£l 0 7 4 bfcJRDtttt&nfcm 1 1 2fCHLTtt, 

Km 1 1 2 *ai;fct#nT^i o 7 4 b**?g£fsn*«k'5fc«ita«sffl$n 

0 6 6 0±il 0 7 4 a^td^Jll 4 0!|^AL/, TMl 
0 7 4 b©P 1 1 1 2SWJHT8TF&1 0 7 4 brtKS i C 1 0 2 0 £&A"f 5 
Uf«;^S 14 0 1). 

3fcfc. 11112 SrlBCTT^l 0 7 4 b£&£fU SSK^y h^U^il 
0 6 0£«itUfc&. ©M^l 0 7 2S»1;tB^S1 0 6 6F»3©X£3I££ 
ffoT&BikSS.l 0 6 6 ©Ml 0 7 4 a&tfl 0 7 4 b ft^ffi^K-f-S 
Uf-^S 1 4 0 2). 

k-* 1 0 7 0Ka*LT±£l 0 7 4 artO^Il 4 ZtRimM? 
Z> Uf«^S 1 4 0 3) . dOfc^fcHMEt-* 1 0 7 O^MtfflHTCT 
A 0 >^1 0 6 4 0iiSSl 0 8 OrtfcJPJ»ffij«E<*:*»ELT»^«»l 0 6 6tf)f*]g& 
SlPJSi-r 5 i o \Z L X h cfc 

±^1074 a^w^ji \4<D&m® (®M&m) jwsffci&ancsu&aprt:. 



WO 01/48816 



PCT/JPOO/09133 



-38- 

±/1>3 1 1 0 6 8 £T#fc:&»j£i*T±g 1 0 7 4 a rt*^EE*TJDffir* 

Uf'^S 1 4 0 4) . 

j3r£EEfcfct>fc±£l 0 7 4 a^Sl 4<D&M® (ftffi&JR) tt±£ 1 0 
7 4 art©JE*tJ:oT7^;^g8#l 1 1 O^ILTTSl 0 7 4 bfflfcif L 
W^nTKT^-l 0 7 4 b-rtlC*A$nst^H. ^T^l 0 7 4 brtCEB 
StlfcS 1 C 1 0 2 oic-^ssn*. 

A>5" 1 0 6 4 l*|CDiIg§ 1 0 8 0 lZft$9mffite&ffiLTM>X®& 1 0 6 6 
^6±^rH^oT?&23I$**^d:fcJ;D Uf7^S 1 4 0 5) , Si CIO 

2 ofc^sstife*i»&jR-i 4*mm2-£% 0 

HS^TLfc^t, ^11 4d«^-SSn^S i C 1 0 2 0 £S*£g 1 0 

6 6*»e>gtDaj-r Uf>^s 1 4 o 6) „ 

s©«JB«fcffi*KSfi#fefciBV»T*>, i7©SMSt^Sl:, s.iClO 
Ml4iS 1C 1 0 2 0*#fcJnBETKl£^fctfeK:, Sl^fc»«$-&T, 

.«K«*»ifi#a6 (Ml 8 <Z)§2ii;£j£) K^HT, ®3 OML^i 
6 SMUT 3. H3 3 t^TSWritSSdCO^Tttra^SELT^Ofi 

*y 0 6 OOi^Sgl 0 6 6tolZ7<()Vf? 1 0 5 4^Affl:, 
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WS1C 1 0 20, &JS1 4<DM\Z&ATZ>*T'gtZZ> 0 

£f . iB^C«» 1 0 6 6 1 0 7 4 flfc, Tj&> 6 S i C 1 0 2 0 , 

5 1 4 0%0JfifciS:A-rs Ufy^S 15 0 1) . 

*y b-fl/Xm 1 0 6 0 1 0 7 2 ^ICTi^ 

Si 0 6 6rt0jSE£5l#£froTR»*ggl 0 6 6 rtSftffittJBfc-f * (7f 
y 1 5 0 2) . 

t-^ 1 0 7 OlCMLTBikggl 0 6 6\H<D&fgl 4&tammm 
10 Ury^S 1 5 0 3) . fft!5fc-* l 0 7 0 'vOjl T 

TA>5P1 0 6 4(D®g§l 0 8 OrttjQS&ffl«#*S6LTB^C$gl 0 6 6O.rt 
SB £MT * J: 5 (c L T t> <fc V » . 

T, ±A>5 1 1 0 6 8 *T^fc£»3ttTW**gl 0 6 6rt*^E^TiP£E 
15 T£ (7f»;^S 1 5 0 4) . 

j5f£JEfc&o£&JKl 4<D®M%) (mm&m) ttiyc§gl 0 6.6rt®JE#K: 
<k^TSiCl 0 2 0i:tI$n5. 

«fM«afcJ:oT^je>i8;3tanTir»*«fjft (sicio 2 0 

20 4|*3©iI8&l 0 8 Ofc^fflgfiftsaELTiBikifSl 0 6 6 £T#^ <=>±#K|Sj 

^oTW^^tiuo Uf>>ysi 5 0 5) , s i c i o 2 oic^asn 

fc»M*«*«H$-&*.- SHtf^TS^TMi/O^l 0 6 8 iTA>? i o 
6 4 K l 0 6 6 

«H^7l/fc^T?» &JHl-4a«£*$ttfcS i C 1 0 2 0£»*g»l 0 
25 6 6A»5HDajr Ufy^S 1 5 0 6) . 

£0£8©»it#ffiK:£V>Tt>. S i C 1 0 2 Ot^Il 4i^l;KL 

ooma&u i 4 i s i c i o 2 0 tz&mn&fcvim-c&m 1 4 
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R#l;T&if 1" 3 £ 5 \Z Ltc<DT\ S i C 1 0 .2 0 fc&JR 1 4 
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ttXTSStt^OTOXttti-fn^Oltt^lRlO^eWsp^l 8 OW/mK^ 
illWlx 1 O-'/t- 10X1 O-VTOSHtSfitfSt- 

5. »*KiiE«©t-h->>£#tc&^T> 

tl*^?LH«ieflc{i2)K:fi9IH*JR(i4)^SSnT«JSSnT^SCtS4*a" 
7. »#E6IEtt©fc-h j/>£#k:£HT, 
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WIH*?LK«l<S#(i2)Oft?L***l 0 v o 1 %- 5 0 v o 1 %X'$>-oX. ¥■ 
i5%Hm*0. 1 Mm- 2 0 0 itmT*SuiS1$ai:t5k- hzs>9tt. 

fct-t©ro*#*«5 0vol%-80vol%, ^«(14)*«5 0 v o l.%-2 0 

vo l * ©ifiHT** fc-h 

9 . tmm 6-8 ©v.>rn^ 1 wce*® t- h *>>*#km>t, 

11. 3Xtt5 ©^m*U SltcBHIROk-hJr^tJKijVJT, 
ME#-#>Xfcfr*0H*#0f&#(i2b)fc. *Xtt££**£»-&U JjlrJt-flE 

12. fjfjfc^l lEfc©fc-h-»2#K:£V>T. 
WE*-aK>Xtt-?-©R|*#:©t»#(i2b)OWJ|»5|5|i[flE*ti W m-2 0 0 0 

13. wmmi lXlil 2EI©t-hv>^|JMHT < 
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wib* - # >x te^e© h*# t utitz&m ( 14 ) t <D&w$ifi % mtt - # >x 

tt*©EI*#a«2 0 v o 1 %~8 0 v o 1 %, &K(14)j&«8 0 v o 1 %~2 0 

v o 1 %<DmWT'$>Z>Ct$:<&M£TZ>t-hi/>t7tt 0 

14. 3Xtt5©lri-rtl3&U«tf3tt©t-h"»^*fK*^T. 

©h*#©»#( 12b) £®£u »igj5g»snT«^$nw* t^atr 
siwi 2 vo i %^ra5:t^mt-h^>^, 

17. 6ffi*©k-h>/>i7*rK:*V»T. 
W8B»iS©Mnttek#©fc»©aSJP7C*3&«Te. Bi, Pb, Sn, Se, L 

i, Sb, Tl, Ca> Cd, N i frZMRZtlfc 1 ««±T»S £ tZftMt 

18. »*3!6^1 7©lr>m*uailE*©k-h>/>^*flc*J^T, 
WI3**(i4)C, iflB*-#>Xtt-?-©RI*#i:©K^tt*|fiI±S-fr<Sfc«> 

©7C*#«iDS*lT^<5 t t&&WLttZ> k- h ->>^# 0 

19. Sfcfc^i 8IH*©k-h-»£#C;feH-C, 
W83*-jH>Xtt-€-©B*#t©SJSttSr6l±3-&*fc«)©«llD7c*3*»Nb. 

Cr, Zr, Be, Ti, Ta. V, B> Mn j^SSftSftJfc 1 SJ^±T£<5 £ 
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t m t r z> t - h •> > z « „ 

2 1. w^2 otm.vt-hi/yzmz&^x, 

10 

15 2 3. 2 2 IB*0k-h V>T, 

S&Ea&JD5E*#« Z n fc ci: § E £ £ f -5 k - h <> > £ 

2 4. 111*56-2 3®V>1"n36»l9IKE«Ok-hi/>^*Jfc^ViT, 

20 4#at-r*k-h'»^«. 

2 5. »*^2 4l5tt©k-h-»^*f»C*lr»T, 
25 /mK£t±T**C:t*«r«fr<5k-h-»^». 



2 6. »*5l-50^rn^l«K:ffi«C!)k-h-»^»i345lr»T, 
BfrlB^ - # >X tt-t© f^$ft<Z)&tt ( 12a ) t Mf2£Jg ( 1 4 ) ©ffrfle ( 1 4a) <t * 



WO 01/48816 



PCT/JP00/09133 



-45- 

2 7. «l*«2 6IE*©k-h^>^tJ»C*ViT, 
5 Wffi*-#>X«*©ra*#O|»#(l2a)tmiE^M(l4)0!)|&#(l4a)©5P 

^t»*aS3&«l £tm~5 0 0 wm"e*5^i:$^llttSk- H 

2 9. m*$M2 6~2 8©ViTn*U^HE«©t— h^>^tft*V>T'. 
ME* -#>Xtt-€-©H3S{*tME^JR( 14 )t ©#«**«, fflE#-#>X 

15 li-t©W*fr*<2 0vol%~60vol%> &JR(i4)ft*8 0 v o 1 %~4 0 
v o 1 X©«H"Tfc*:: fc-h5/>*tt. 

3 0. fljf#£2 6~2 9©lri"fn*U«HE«©t-h'»^ttK:*V»T. 
i£W2 0 0W/mK^±TSoT, »SIIW8 x 1 0" 6 /t: 

20 ~1 4X1 0- 6 /r-C&5££fc#»£TSfc->S'>£#. 

3 1. «#^2 6~3 0©^1*n*U5lCE*'©t-h^>^»»C*V»T, 
fflE*-#>Xtt*©H*#:K:, J«»«©.fl«Efijc*Rr<!Bi:-r**JPft*<aSlin$ 

25 

32. Il$^3 lE«©t-h'»^»l:*HT, 
WEl«^©fl^/«*BIl|g-t1-«5»JP«I*«, S i CR^/X«S i T&S^i: 
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3 3. H#^2 6-3 2 Wftlfr 1 EfcfcttOk- h~»>7mz&^T> 

3 4. I»*«3 3fB*CDt-K5/>^#»C*5^T. 

mJlBi£ral££M#T e , Bi. Pb, Sn. Se, Li, Sb, Se. Tl, 
Ca, Cd. N i frZmViZntzimMtT'foZZt&ftWitTZt- hzs>9 
Mo 

3 5. 8t3&®2 6~3 4 4n*mfr l^dfEfcCDh- h ~>>?fcHc:fc^T, 
Oyt^fim-m £ tlT V» 5 Z. t *<%Wl t f 5 1 - h -> > £ 
3 6. «f*9l3 5BHttOk-h'»^ttC*JViT, 

Cr, Zr> Be, Ti, Ta, V, B, Mn^£>lHR£tl£: lS£t±T«&5u 
<*: £ -r 3 t - h •> > * 

.3 7. If^2 6~3 6 WfftriUJlfclfBScCDt- h^>^#t*V»T, 

o *c But©7c*ata&jbn $ nx ^ s d t z> t - h -> > * 

38. »3&E3 7 8B«Ot- h v^&fC&t^T, 

■ l9ffi*JjP7C**«S n, P, Si, Mgfrb^&^n/i l«^JrT'&SC<h£# 
3 9. flt#g2 6~3 8©tJftl^l5iCIH*Ok-h-»^*nc*^T. 
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4 0. »*«3 9iH«Ok-h^>^«ti5^T, 

4 1. §t#^W4 OCD^-ftlfr lWwK«fc®k — hS/>^*flc*J^T. 

4 2. M*S4 llB«Ok-h>'>^#C*lriT, 

4 3. BI*a4 2l2«0"k-h5/>^*rfc*VJT." 
WEJRJDtg***, Ti, W, Mo, Nb, Cr, Zr, Be, Ta, V, B, 

ffiE&«(i4)tt, Cu. A 1 , Ag^6jg^$tlfe^<<t%> 

**®*M5***£ Soffit, **©J!&£aMS£i:S#|6n?, «lfii»sts©Jt** 
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5 ~ 5 0 w ml: 9 0 v o 1 %£(±Mt5 u t I ^. 0. 5~5 0^mCD 
S7W*9 0 v o 1 %&±#:fijLW&^*§'&&. &JB1 4**&*LTV>fclr>Hl& 

15 ^JLKttlSftl 2fc^JRl 4ft«LT#fct-h->>i7»l OAOBB 

i»#o5/^-^ r^--h7}?7 9 2 0 Oj ) fcffiJHUfc. 

20 ilCS 1 Olltt^lCfili t- bi/>^« 1 OACUHT. HufBy^^T-r 

ut*WtLK LT«> S i C&ZS/X\tS i fcgtf 5 Z. btfil! 

Cltl^ctO, ttj$l*©EI!&?L (*d-;CF#7) 

zummmtei 2K*rrs&jm 4 ©^awssisuisi**:: 

T*>«fctr>. £©a5iD7C*£L"ni. T i , W, Mo. Nb. Cr, Zr. Be, 
^77-f htoBtimiz* ^777-f h©M <H&?l©£iii££tr) {cS/fc 
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M HI) #B&2tl* sfyyT-t h©W«Lt«*n«*JH l 4t 

znmmf&fti 2\z^m^n^mi 4ii, Te, bk pb. sn, 

Se. Li, Sb, Tl, Ca, Cd, N i frZMRZnrc 1 IRi^irs 

aw ^ Ul « -ntc^ *an«stw*i2i:*«i4iojwiojintt«« 

5fe#£*l, *3lJl**#12©||ft?trtR:4JBl43ft«A0«<ft*. ftfc. Ni 

Sfc, #7LKft»«l 2t:*«Sti5*Il 4C, Nb, Cr. Zr, Be, 

Ti, Ta, V, B, Mnfr$MR1snfzimU±ZmmTZ>Zttf&%L^ 0 

5orut±©7c*. Msn, p, sk Mga>&aft$nfcm&±s«&(jo 

«S«?L3W«^LSI«©i^±*H*iit*«T#*. fcfc, 

±***Tfera*©a**»a;:t# T M. t9Bam4fc. 

«***&©©7C**tMn-r*Ct39t»SLK .Jl©»SD7C*tLTtt. «*tf 

< ^^©^rftsia 2 A-Ea 8 mm vunfi^stmr *. 
» i v>%mv>mm\z%z> t- hy>^ioA *»irr*£©©» 1 such 2 

^LT, IB 1 omm^mZ. JI#WfcttH2AfttfB2Bfc*©-fl£jK-r«k 
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M#3 2 F*3tC«, »*sggg4 0 tK8H^cS»4 0 *JPj»r4fc»©k-^ 4 2 

lo©fflffifc*^5K*^**«»K:+$«B4 4fc»ar*MP4 6*«KW-6 
ttTV>5. «44©3^, BBn4 6S*^tLT-^©4"^a (ETF. 811 

10 (£TF\ Sg2g4 4 btlHT) tt, *fr£«tt*4-ca*£?LSIfi&*g 

#1 2#ttRB9ttttfcn*J;'3K:fcoT*$D, £2^4 4 b**±#K:fclILT 
fc. *?LK«5tt#l 2>WrFLfc^±3fc£?L«fcllr#l 2 0iJ$«i*«KW6 
fc£, t~^4 2H 3 0 OMPa©te*TTf"btt«$nja:Vi«|jfi 

15 MfBiBiffi^gg 3 0l:H S^5l#©fcfeOigf4 8t, HJE2ftt#© 

rat*. 

1 5 OT;gfle©gHa+TffLiELj«^£fT^TflMK (d)10 0~(j)6 0 0, £ 
$ 3 0 0 Ommgg) (5^777^ h£f#5. :©SS0ftl0^777< MS, 
25 »Jto«£<L*>fcflM5iMWffiV>. 

Ig*3lHlgft»i3igr. 
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Xf'^S 2lC*5^T, B!JE£S§3 0 £#)»|#gi(CLT, il5JB§g§3 
0 rtfc»ttSttTV>*liWc«84 0©ilt44a £T7jfe:&®$-&5. 

^mmfefc 1 2 t&ji 1 4 ©^$:^jeot 3 0 4 01*3(1 

Atl, ^11 4 0t*SiB^*S4 0©^li44 artfcffittU £HMm&tel 

2^2i4 4bi:t>>hts Ufy7*s3) . zott^tb^nmmmw 1 

^4 4 bH-fey h"***. 

i^JE^fg 3 0 (&tf»*£g§4 0) £<$£tLfc&. »ft*4 8&ai; 
TKBEM3 0rt©«Sfi5l#*ffoT«EKffiS»3 OrtSftflStttRfcT* (*■?• 
5/7*S4) . 

fc-^4 2{CiimbT^1^4 4 a0&JRl.4£jQ8&8fl¥TS (*t=- 
y7*S5) . SXTOWlWVit. lDJ»*»$nfc*Rl 4&MWIC rigg$^Ml 

4 j tfeier. 

3 0*1 8 omfcmz&z UfyT'se) . cioiEEii&fefcioT. £l£4 

4aA{±Mm:ti^. fgl^4 4 aAO&jK&ftl 4\Z* BMCfco 
TTOlcMT-5*2i[4 4bf»iK:«TL, dW^PgT, 1 4 l;:£7LR 
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SiE^§§3 0rt<£jDJET5 Ufy^S7) . Z<DtiOEEmw\Z&?T. AftlftgRfe 

*1\ WB»JE*»3 0*Stfl 8 OMEIIIS-es (7f»;^S8) . ^©^0 
i&flsfcioT, I1^4 4araiftm:W^, &2£44 bAOjglK 
&JRl4tt. Wfgl£4 4 afiOrFTS^KfcS. 
i!ilE7f7yS7T©llDElI (till) ICcfcoT. »»&JR 1 4 

4 4a fcfcT-TSfcBfcJR 1 4 «£?LK&^# 1 2 K£g3ftfcj&>o&38#»iK 
3££F&lK&JgSj&<gl£4 4 arttjaPTLfcSBT, H2^44bK 

rag 3 ort*Mft<»mu *ra»3 ottftiSKftijiaft*. c:©aw»a> 

1 2 iz&mz&mtztiz, 
«snfc£?LK«§is#i 2s»si»/->k:«2il, »3n/->fcKa$nTirJ* 

- ©ft* L&^©S*H;: «k o T#?LKttlS# 1 2 fcfc&jgfc?M3l;* ft 5 c t {;:& 
£©£51::, »io«jai^i*o*ia&»tritfcj:o, ^577^ Mi** 
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7LHttlSfrl 2^11 4 ©£SMfi±S-BN5 fi^TS 3$lil# 

ft©¥3Xtt^rftj&>©tt£fl©SK£3MStfl 8 0~2 2 0W/mK£U:T&o 
T. ^O, KM^l X 1 0- 6 /t- 10X10 - VtTS-Sk- hy>^7 

^lOAmci^iitms. 

*T©TO*MB3R*#4. 0X10-VC-9. 0X10-VCT, 
?ZS®%fa<D¥i$Xm>?ftfr<D®1jft<D®mmmtl 6 OW/mK (SHft) 

WIEZr-y^S 5fc*^T, t-^4 2l:IfLTlli4 4 a©£«'l 4£ 

tm®mtz>t%&\z, z-Ty7s6\z&ftT&mfE&& .(namw&) ^1 

4 <3 3 0t-2 5 0 , CKV»ia«^ J: < , tff£L< tt«tr8B»^C«t 9 5 0 "C 

-2 0 0"CK^ffl£*tSf;Uv i«I££i§3 0|*l£l X 1 0~ 3 To 

Mt&Zrv7S 7fc43lr>T,. iHJE§S3 OrttC^-Sffl^X^Af^^ 
£K«k?Tte*»3 0K:tt4TSEEa£LTtt, 0. 9 8MPaSl±, 2 0 2 
MPa^Ttn. £©#&, 4. 9MPa^±> 2 0 2MPaOT«K, 
<fcD#£L<«9. 8 MP a&U, 2 0 2 MPfilTT^S t J;V>. 

/im-5 0tfm©W9 0vo 1 *EU#aEU jfto, MWlOvo 1 % 
-5 0/tm©fe©*«9 0X£U:#£U do. &?L*Sj&*2 0vol%~70vo 
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£^T. -4 0 0 < C/raJ^±<hTSCl<i:^$f*L<, «fc * L < «- 8 0 

2 0iBS?La&K:&Rl 4£5££K^g£i*5£*£&S&m#T&5o 

^nnmigft-i 2k:&jri 4*«^s$tiT^vJiBft?Ld<ai#-r-5t, 

^Offi*Ji*©*lS*7y->aA-> (Washburn) oafcckoTfltfeT** 

©<h#39. 2MPa, 1. 0tfrt*Ot*3. 92MPa, 
0. 3 9 2MPaOffi*3ftJaST**. L^Lft^S, *RttW«?LS^0. 
1 tfm*OtJ»Ji0. 0 Umd)KT0glLfe#ftn (8 3 1RtfH3 2# 
Hi) fc»fc«kD*#V>ffi*j&t0fil;:&*. JM£W£«0. 0 1 tfra^l;tt3 9 2 
MP a#&gT&<5. 

&W®Vlffi\ZLT. i^JE^§§3 0rtfc«M*&nT^*»*««4 0 ©ft 1^4 4 
a*T#fc{fc«£"&* (Xf'^S10 2) . 

£?L«ttl&#l 2£fg2&4 4bfc-fey hU ^&}§II$£nfc&Jl 

(&Mft&JR) 1 4S81&4 4' artfcSEU&tf Uf«^S10 3) . 

-£•©&, 2f£ 1 ^4 4 a ft©iggt&IS 1 4*«i?f£figK^LfcaBT, 'KBEM 

3 0£ 1 8 0g?Ste[eJ£-fc>-5 Uf«;ysi0 4) . ^Ofilalft^fcioT, Si 
t4 4 a^OHFMI&Sl 4TOl:ftlt5i2i4 4bl:ITL, 
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®M&m 1 4 fc£?Lftffit&tt 1 2 *i«snfc«jBi]5:*. 

iliEE£3§3 0l*)£2ini£-t5 Ufy^S10 5) . dOiOEfflglCkoT, 'WIH 
^St^S 1 4 tt^TlKjft&tt 1 2©M«?L«+K:£«-r 

»2©SgJg«fcOViT05*#JHL^:3&»6RWr4. £©&2©g»0J 

#JLR« 5 SPATES (B^-a-T) **»^&nfcKflE«g3 

btfcftsj&ttsdtKifc*. 

fiM2tfc«Mg£LTtt, ^?LW4 0vol%~90vol %X\ fr-OfSJimW 
0. 5mm~3. 0mmT***?LR«5y*#£fflV>*££a*Sf:L<, <fc 
0»*U<ttft?L*3^7 0vol%-85vol J&v3ft?l£#l. o 

mm- 2. 0 mmTJ^Rt ? 5 y ^tt€ffl^5 1 t^SS l/V>. 

JfcLT, ^777^ MC±«£?LJMftlKH*l 2 ^MT§ Uf*;7*S2 0 1) . 
SS1E&S&3 0 S«J»H*8fc LT, KE&3S3 0 ftfcRttSnT^5IWc*g4 0 
©111^4 4 a£T7jK, SI 2 ^4 4 b £±7jH&fi£i*-<5 UryT^O 
2) . 

*■©», £nnmm&i 2t&m \ 4©»*kje$»3 o©iwc*«4 o^k 

Atl. ^JRl 4 ©%*±^CffiOf 516 2^4 4 bl*3K:E«L, £?LRft&tt 1 
2ST*tfi:«T*^lS4 4alCt7 hi" 3 (Xt^^S 2 0 3). 

^©&, i«m^s§3 0 (&tfiwcgg4 0) Ka«4 8*iii; 

y7S 2 0 4). 

*©&. t-^4 2fcii«LT»2^4 4b©^«l 4&la}»*»-rs 

s/^s 205) . mm®M&mi Aim^mzmhitWL^. axmx^s o 

Ufy7*S 2 0 6) . E©ftlJBEfcJifcJ:-3T, ±#Cffiirr*tS2£4 4bl'3 
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1-2 ©waaa+K^a^ns^i: irtts. 

Ofijfi^ftTtt, 0 6 £^T<fc "5 fc, ^77< h£«LT^ft«$ei&£#l 2 
5 £ttW*fc«>©*5 6 0£, H7H*TJ;"5fc» ZH'g.m&W 1 2 K&JR 1 4 £ 
-§-§£-fr3fcg>©7V7$6 2«Sn5, 

6n*'t>©T»o, ^o^i;y-7 7 o pi^ft^r^ 7 2t. r$ihi7 2 

fiKUK^nfc^-7.7 0SJP«H"*fc»Ot-^ 7 4 3*«»»te>nT^S. 
10 77 0(^777^1^, -fe^Sy^X, ir^-A° (7;U5^©-b75^^7. 

^7 7 7'fh«$n5, 
7'l/7i6 2H 0 7{'^-rd;^IC, ±»WP®BPaS8 0fc*T*&S!8 2fc, 

15 >^8 4iSrWrS. 

jtfJ|2*P6 0 <h7>7$6 2*fflV>fc*2©«ii^j*K:oViTH8S#HB 
Lftj^SKWr*. 

7 0 rtlC^^7 7< b£Aft, ^-7 7 0 6 0 flKURg-T 

5 (7f:>7*S 3 0 1). *P6O^lM0ilT, ^77 7< hfcjfcfifcL 

20 &nmmm&i 2*Km% Uf^s 302). 

3 0 0 CCg^^TJn^LT, #7Lft^#l 2€ff»T3J:5K:LTfc«fcV>. 
^©SL *P6 0j&>S£7l»ftlB#l 2^-7 7 ort^OttiLT, 7>7$ 

6 2 0IH8B8 OrtK£?LJMMS#l 2£^r-7 7 0 rfcJKgT* (7xy7°S 3 
25 0 3). 

^r-7 7 OWC^Il 4®||'8 6£&|§Lfc& (Xf7 7°S 3 0 4) , 
A°>^8 4£M8 OrtfcJffflU fr- 7 7 0 (*)©iFfE^S§ 8 6 £Jf LTtfJEEA 
T£ Uf77*S 3 0 5) . ^©/t>^8 4©JfJE^S{3J:oT, ^114©i 



WO 01/48816 



PCT/JPOO/09133 



-21- 

ms 6«, £nnmi%wi 2<Dmfs,n®*\z$mirzzt£ts.5 e 

±ftO%2<DMfel5mz&\,>T. MfBA>^8 4 {;:<k£J£AK|<DJE2j£ 1. 0 
l-2 0 2MPa (1 0~2 0 0 O^CEE) £T5 Z. ttfftt. Llr». 07C 

ZflZZ&<tz!b<Dtfzm%1l8 8RU9 0+tSZ£tiL<tZlt)<D!RMto&j6t&°r 

?rr5#7##7&£?L8 8&tf 9 0*ai/T&Jt*fc«>, RWWL^OJMf 8 6 

Vr£mtfZ2±-X\Zftt>tlZ Z 

l^©¥^XttVi-rn^W$ft^f6]©^e^Wl 8 0~2 2 0W/mK^±T^o 
T. llilinx i 0" 6 /lC~l 0X1 0- 6 /tTS5t-hy>^ 

SlCfcoT*? h I 7-^{btTl^y77T< h (Xtt^CS i C) (C^fbT 

777< ho^astti 0 0 ot;~i 4 0 o , C3ft*a*Lv». 

^(C, %2<DmM<Dl&B\Z%Z>t- b is>2ttl 0 BKtHvrg|9 

fc2©&M©#IBfcftak--h->>0#i OBtt. ^ 9 (c^-Tcfc^ tc, 
>Xtt*©m*fr©t&# 1 2 a t&JRl 4©ttftl4att|g^U BfrJgfflflt 

fflIB#-#>Xtt*©W*#£l,Ttt, W$*U 0 OW/mKKl, S£ 
L<ttl5 0W/raK£t± Umtffctr>ttBT©*£fi) , £6K:«L<tt2 
OOW/mK^l (ft7L^^«JR*CO«IM) ©t>©*ffifflT*;:£##i:L 
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ffiflB&JRi 4ibT«> ^©(5^{Cv T^s-^A^fiSfiMrrsJittf-ctr*. 

£©*2©*JS©JBttfcft*fc-h5/>*»l OBtt, Wf2#-#>X 

1 4fc*Stt*Mjft©- 1 0*C 5 0W^K, MIBRlf^EE^tLTtt, 1 

0. 13-101. 32MPa (100-100 O^JE) *«ffSUlr». 

l»IB*--#>Xtt-tora*<*:Ot&#l 2 a<k» 1 4 1 4 a <D 
lMm~5 0 0 /imTS5:WJU\ #-3|5>Xtt-€-© 
E*#£&JS1 4£0flfi»¥JJ. #-#>X«*-© 2 0 v o 1 %~6 0 

vo 1 %, &JR1 4#*8 0 v o 1 %~4 0 v o 1 %<£>$6H<h LTV>*. £ft{I<fc 
0, SXT*3tt^l^OWXttViTnA*Ott^FjRlOiSfiegj^*S2 0 0~3 5 0 
W/raKK±Ta&^T. fro. Hi W 3X10 'Vt- 14X10 "Vt 

*&S&in?*£J:3fcLTt>«fcV>. CO«jD7c3H'tLTtt. Ti, W, Mo, Nb. 
Cr, Zr, Be, Ta, V, B, Mnj&>S8ftStt& lSEUifc^tf-SCttf 
enters, «jgnfr*>?fj|jfci5K: 4 *-#>Xtt-t©H3R#©^iffiJcR 
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fff2&^l 4£te, fcMA&m, ^tfTe, Bi, Pb, Sn, Se, 
Li, Sb, Tl, Ca. Cd> N i frZMRZnTz 1 «£l±£S&10TS Z. ttf 

Sfc. ftff2&Ml4K:, Nb, Cr, Zr, Be, Ti. Ta, V, B, Mn 

robs ®tt/m#<Dum®mtf3 or^±, S£L<«5 or^u:©^, ai* 

tfSn, P, Si, Mg^5a«$nfeia«±*»l)Q-r-5C:i:*«ff*L^. £ 

<o#0#fe (*3X^»4 0Mifi^ffi) *H1 0-H1 4 4#flaL^6ttW 

C» fMfilOO (01O#I) <h, *yh:7Vx$10 2 (il 
25 £&m-tZ>Z\£\Z£-oTftt>tlZ>. 

ffMlOOH 0 1 Oic^TJ;e>fi, ±81518 □©Gflai 1 OS^rf*^ 
S! 1 1 2 i:, GDbB 110 ftKif ffipjfi^n, fro, Gflgg 110 I*I<2|*|^£# 
LxWffiA-T^/l^l 1 4£Z&?Z 0 tr-X7 0\Zit. *-#>Xtt*©H 



WO 01/48816 



PCT/JP00/09133 



-24- 

$ft<D&#l 2 ai^il 4<Dffifcl 4 a £&MGVtzb<D, IP"£, m^Val 0 

*y hT^Xflgl 0 2«, HllC*f«k5t» HMfcofitfta 2 ortk:, g£ 
^i<a§T/t>? 1 2 2 ^TA>^ 1 2 2 ±fC0££tl£±®fiP<Z)iiM 

1 2 6<h, fliSffi^ggl 2 4S»t5fcJ6©t-^ 1 2 8 jWKW-fcttT^*. 

»*&g§ 1 2 4 k«, Me^ffi^M i o o -ziSLWZtiitm&m 1 o 4 ©^{f^ 

10 T/t>^ 1 2 2 ©rtffifctt, 1 2 4 rt*ftmft-r<5fc«)OlDJ»ffl«M*:^ 

t**si 2 4ft&ftmtzrc&(Difcm%fiiifc*ffiM2i£z>m&i 3 2jwrw-s 

"f , fr-X 7 0 F^tC^-^^tt^©^^©^ 12a t&M 1 4 1 4 

15 a tSAnt^UT^ 1 0 4 (Xr>;7 p S4 0 1) , 1 

0 4#Aofc$--X7 0 OK&ttS&gil 1 2 ©Ml 10^1 

KJR^TS Ufsr^S4 0 2) . ^©&, l\yj-\ 14SKBB1 lOftCJEA 
l/TS^*l 0 4£^{|J&^LT^M^#1 0 6£/£?rt3 Ufy^S 4 0 

3) . 

20 &\Z. &mi 1 2j&>6 J HUfcJ8#1.0 6£®9fflLT, i^Wftl 0 6$ 
*v h^UXai 0 2 f££tt5W*£g§l 2 4rtlCiR£-r5 Ur^S4 0 

4) o ftk&gl 2 4S$Bi<fL&ft, ftftflf 1 3 OSaDTIB^cMl 2 4 1*1© 
*a5l#*ffoTRBik«»l 2 4rt*ftJBE«ttfcra Ufy^S4 0 5) . 

b-i?12 8l:liLT, W^cesi 2 4l*J©&g£&JSl 4 ©$>,£© 
25 -lOt: 5 0tf:n Ury/S4 0 6) . 

0 6£iDJELTt-h->>?fcri 0B^#5 Ufy^S4 0 7) . in 
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TOXttV»-rn*^Ott^|pI©JRe2»***2 0 0~3 5 0W/mKR±lr*oT, 

1 0- 6 /t:~l 4x l 0- 6 /m5h-h-»^$Jl 

^{w, m4 0«ifi^ffiK:ot>Tigi 3&OT1 4£#8ll/fc)&*6Rgrr.&. d 
©*4©«ii2FiSTtt, 01 4(^Tct5(C, ?flU&gftl 0 0ttttffl1*rfc, 

^12 ai^Il 4©t&#l 4 at^Xtlxm^VXm^mi 0 4SHfct 
Uxy?S 5 0 1), ir-X70M^l 0 4&fi»*y h7VX$l 0 
2t*»t*©^*»l 2 4rtfcJR«rr* Uf«;7 p S 5 0 2) . »ifc*»12 4 

*af»L^«» mtemi 3 o*ai;TS**8i 2 4rtona5i#*froTRw 

*Wl 2 4rt*AflE«!RK:-r5 Ufy^S 5 0 3). ^Oft, fc-* 1 2 8 
fcSMLT, 1^881 2 4ft©iftS*fcjRl 4 ©§!!,£©- 1 Ot:-- 5 0"CK 
(77";ys 5 0 4). 
»f«ilflEKJtLfca»"T?, ±/t>5 L l 2 6ST#fc£«l*i*T, 1 0 4 

*iDJEl,Tk--h->>**ri OB**** Uf^S 5 0 5). 

ffl©*ft£i**J&*2 0 0~3 5 0W/mKaiT$oT, fro, ^ffi(!B^3 X 1 
0- 6 /r~l 4X 1 0-VCT?**-t-h5/>^Ul OBmCHSIt^ 

tB3©£J6®JgjBK:f&*fc— h->>£#l 0 CtCOHTHl 5£#{&L 
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m&fi-#>X\$*:0mmfc£LTfe. Cfyyy^ h<D\^\Z, P^-V^y}* 

tat&tj-xyxit^ammfowmfci 2 b©¥*5f&*&g«» l^m- 

2 0 00/imt'J50, BWEt&fla 2 btfS/hcgS 

-eofiSOttrtU : 5£TF"C**e:£#fiF£LH. 3fcH 

mWOVjftl 2 bt^JRl 4 t *-#>Xtt-£©H*fl:j&*2 0 v o 

1 %-8 0vol%, ^11 4**8 0 vo 1 %~2 0 v o 1 XOffiHjWHSL^. 

*3O*lfi®#IB®»5 0«i6£ftK::3^TBl 6£#SBLfca«6l&g>| 
6 0 2), iJDflEg«£LTra::/l^tt6 2 (i7#i) Xtt^ftfifeJgft 1 0 0 
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zn? (*xyys 6 0 3) . zo^mfomt, &ib&jii 4*<i 2 o 

01CiB«T**tt6tf. 7 h©f MSttl 0 0 Ot~l 4 0 or^g 
JtS^xy^S 2*57fy^S 9®Ig£fr"5 ZtTfc- 0C$ 
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©ffis-e rttEEj <!:^£ttwst)©«, ±iBjnjEie^ f?ys 6 o 2&t 

5. Sfc, TJpffij ££S$nTV>*t>©fcJU ^1 0 0 0 cm 3 W77 1 
0 cm 3 i7Kl 0 0 cm 3 Sr^JnLTEE)^L, ^V&^mm (12 0 0"C) K# 
£*#7*£l»5S$1tTj£#l,fct>©T**. 

S70 1) . ZZX\ mm#&fttttte&M- fciMMfcttKLfc 

15 \ZLfzb(D<DnJj&fi-f. 

#fc, *-#>Xtt-€-©H*#©»# 1 2 a Sffiffi&H&ft 1 4 

^LT, £©$ftl 2 afcjg^S-frfcJ&jB&jRi 4 SfcttBjfcg^&jRSftS 

udiu Bfa©»«K:ja'»'r*citTb-h^>^«i ocGnzztafingz 

20 Ufy^S 7 0 3). 

«6©«ji^ffiK:*V»T#5nfct-h'»^*ri OCtt; *5©«jfi^j*C 
<kOf^«Lfct>©tRI«©»|R*Wr*. 

i"3©*«w (ii^wj) *^r. d©»i©*«wtt, 3 an© 

(p. m, n) iz-D^-t. ^m-r^m 140mm. ^£D7c»©as. 

©*tf3is©a^, *iD^*©&*&^n^ftjL£ <&©•?**. d©n 

*«©H*£B1 9~H2 lKiK-r. 3Sg|©#-#> (P, M, N) © 
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»r*»ntt*«Kirifc«) 4 fejKeiiisisojKirJfeo^w 
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5 £2 0)$l(t0!lft, ^§£#£2 6. 7MPa (2 7 2 k g f /cm 2 ) , Rtf 

1 5 6. OMP a ( 1 5 9 2 kg f /cm 2 ) Tffofco iOH^JO^^H 

2 4 H^T. 

ffitt£5?L* (dt-^t) , aras (o-e^-r) stot, mm 

#-#>0ffi»M («» : J I S R 1 6 0 8 7 7^>t7$y 
^^©ffi»5fi*ttlfc^j*) «I^|b1T2 4. 5~3 4. 3MPa (2 5 0~3 5 
kgf/cm 2 ) , JP$^|SIT34. 3~44. IMPa (3 5 0~4 5 0 kg 
15 f/cm 2 ) &©T*> dCD!i&fr£, J:EtSliTtt*-#>OEIt3SS0 4 

»3O^»0ye, ^SJBE*'*2 6. 7MPa (272kgf/cm 2 ) , RZf 
6 0. OMP a (612kg f/cm 2 ) Tfrofco d jH£0 2 5 

~H2 9 HtkTo 

20 H2 5tt«*Hifc»IM**toT, 8tittk:#Dy ^flWStoyns/ h 

H2 6-H2 8-W:, «tttfc^«jE*stoT, ^tite-en-en, ff^Wlfil© 
25 fifths*, fflts&ft. stfMstoT^Py bbtzbor$>%o cne>®02 

02 9(1 iSSfrS2 00iB^lRl"C?OS!fte3J*©ii^ft^ , Dy hLfct>OTf» 
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©02 9#£>, m^m&tZtf5-LtzMG<Djjtf, ffi#|S]-C©«S,0^<!>& 

8UO2O©*K0!| m4RZfi%50)Xtkm £7*T. £©Sg4Rtfl?l 
5®*IM!ltt, *4 0*!(SO»!BK:*^T, #-#>K:£JR 14 

10 84©£«Wi, -&g&JSK:Cu 0. INbOTU ^SJE^iPAfcUTE 
2 7MPa, 48MPa. fttf 6 OMP a£J0JEUfc*&"rfr-3-fc. £ 
©£»0!l©i|g*£B 3 1 fi^-r. 

*iiV*fcJlfct>©T**. £©H3 1j&*S, £teafc±tf*££T£*R©» 
15. SMWi'>lTt^:i»5, 

*5 0^*Wi. £«Slt££Mfc7C*&*i)nLfc^*#i, C u 5 S i £ 

7MPa©i^t4 3 MP aOS^T^Lfc. C©ISK0!I©I8*£B 3 2 

To 

20 H3 2fc^JtS7C*#tt.-H3 lK*Jt*7ClR»tra*fr7?»SO-l?, 

^iinL^7C^©Cu 5 S i tt, I49/ftliftlB«>3 0TO±&£©T, C 

uo. i n b ictt^xaaEntt (»ntt) #«ktr>. *©»*. cuss i 
25 ^^rttaoMjRTL^M^-rsfliifii^&n*^.. cn«s3 1 iiwiD^ipji: 
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s i cizmntk&worzitxDmMM&xnzizte. &m<D&ft\z5%ifL-?<nm 

BT, Be, Al, Si. Mg, Ti, N i frZMRZntz 1 «£U©»7c2i 

5 -£LT, S i Ct&Ml 4tV>mtl&(Dfa±&m?T, SiCCf»l~10 
voll Stt<H3~5v o 1 %£>N i tovt&l&T.Z.ttfilif&lste. 21© 

10 S i C£&JR1 4£0»fttt©|Rl±&BloT, SiCCfftSi^l^ 

1 0 vo 1 %, S£L<«3~5 v o 1 %^i$t^Ci:iWSLK 

*l/r. MIBS i C K^tf) 1 ~ 1 0 v o 1 %ON i £S&-r> 

i £ 1-1 0 v o 1 X-&»*-&*CtfcHJ|LT, S i C\Z^tbrt7i?V 

Ni^Si £©lfi£»o#&Mrr IltfcnJteT**. 
*&, S i Ct&Ml4\tmil\Z&\t*TRlfcifi£.V> MS iC^S i tC\Zft 

mznT**(D®mtf%n2nt£<uz> a zvtzsb, s i ct&mi 4tnfinm. 

20 0 SJBE*=0. 98MPa (10kgf/cm 2 ) J^±, 98MPa 

(1 0 0 0 kg f/cra 2 ) OT) > Sg2©$ail&# (JJDiii&^=^m l 4©U 
^0 3 0^-2 5 OICKWME) X(ii3©j51i^tt (S i CtC^l-l 0 

25 HjBTSUfcasTS*. 

S i Ct&JSl 4tttiBfttt**iBV>dt*»5, ^11 4 fc+tfK^gS 
tt*fc»«JEa4j&»tt*;ii:#&5T**. Sf§30)$/ig&# (S iCK^fcl- 
1 0 vo 1 %©N i#o#£]&rr) . (S i Cl:fJi)S i * 
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1-1 0 vo 1 *ft?Z\£\z&r>S i C(D^?LS®«K£ft, 

i coaa*, Ni^foti, s i^sowai, ^mum> nam*. 

3 0t*lriT, S i C/Cu©K*«SH S i C £C u £CDm\ZBi$,2ntzfc 

fomnm* (TOM) (CckoT^^-e-fc. £XT<DMor$>z>. 

Cl©ftj&ftfli0ffiatt» S i C£Cut<Dffl\z5 um&±<DKfcmtf£.C. 
S i C£CuM0»fiJta«!WbU ¥*#k-h'»^ffla^'tJ»tUfc 

(TO) #1 jam£jg;t5Mm«T — r£j£/>j 
• MlSSOji^ (TO) mm *jfi*.* -* rg^j 

waast^^T-tn^nw^isH&jets-rs-t)© (it>y;i,3, 7, 8, i 

IRtf 1 2) fcoViTtt. ^TtlfeS i C/Cu®£jfrRRj&« rg^Lj 

— inE^^|5m^iiSH<fc0 ! b<SV\0. 78MPa (8kgf/cra 2 ) 
Rtf5) , SiC/CuMW rs^j , iJS:,T^5. 
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i* £§ttia#;F+# tJioT^sott, a?L*R^a?Lg««-t n-^nm 3t IB m £ 

Icfcftber S i C/CuOI^W rg|fc*j ta:oTt»40tt, StfLgtf 

mibsji lonmowm {miomw5m. iiowj, %2<o$tmm. msw, 

7LJH&B#£fES"f*:i:g Ur^^S l. 10 1, 7f«yyS2 0 

10 1, 7fy^S301, R^f>;^S 3 0 2) tt^STSO, fOlCXfy 

mzKzm&ijm (mKomm^m \z-dux, m3 3-~ni3 6£#$il&#<=> 

15 £©»7©8jfi#fttt, A#«KttB3 3lC^O-««J$:^-r t k5H, h7 
0 6 O^^fflfSClchUckoTfT^nS. £©*y h7l/7.«£l 0 6 0 
tt, flliB»2©£jK©#ir?R9ILfc*-y hzfUXBl 0 2 tS&EEflian?* 

uO*yh^l/7*1 0 6 0tt, «*«5t#1 0 6 2rti:, S^&jKttST^ 
20 >f 1 0 64t, KT/t^l 0 6 4±teBjesnfc±ffiMP©»**Sl 0 6 

6t. m^c$8gi o 6 6Mz±yjfrt>m&&&t-$ntz±rt>?i o 6 8t, 

MM 1 0 6 6£in8ST3£fc©t:-* 1 0 7 oatKttSnTtri*. 
£©*y hZfUXmi 0 6 0Ctt,.H$5l#©fc«>©!R^«l 0 7 2*»iB:»t&n 

25 Hi3»*£g§ 1 0 6 6H 1 0 7 4**T*««©»tt&Wr*. ±/t 

>f 1 0 6 8H ^©ffliJ®tC, R±/^>^ 1 0 6 8 ©ff 8 (X h o-*) ft^Jt 
■T«7 7>>?fiBl 0 7 6#ttttSft. K77>^«B1 0 7 6(DTm\Z\t, J|flf2» 
1 0 6 6 ©±«ffi£&»LTlWOg» 1 0 6 6 SS&BMKJBKT'&fca©/* 
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y*>l 0 7 8#?Xt)tttt£>nTV>S„ -73, "F/1>^ 1 0 6 4 (D^jgUtC«» W 

*£g§ i o 6 6 to&mm't&itib<Dinmmmw*>m'X&& 1 o 6 6 fi^M-rs 

5 £t\ W*gg§ 1 0 6 6 1 0 7 4 file, T^eS iC 1 0 2 0, £?L 

Rt75?^8O7^;^1 0 5 4, Ml 4(Dm<DMT®\?Z> Uf^S 
13 0 1) . 7^M1 0 5 4«!:LTtt, &?L*tf4 0%~9 0 %T% frZ>&JL 
&jfl*0. 5mm~3. Omm^SMStyS-y^^^fflt^ut^K, 
J:0ff*t<tt«?LJ(s**7 0%~8 5%T, ao»JLS**l. 0mm~2. Om 

MIH7^;i/^ 1 0 5 4tt; S i C 1 0 2 Oiill 4©i£<h£tH!JoT 
M*S#»tttt!Bk:*<tt««t.LT©"a<iB&*fcU,-'t i a»l 0 74©^^, 
5 4±0^I1 4©»-fey h£*l£g&#£±£l 0 7 4 a, 7>f 
JU* 1 0 5 4T©S i C 1 0 2 Oifity hSttfcaMfrSTSl 0 7 4btLTt 

15 

H^Sl 0 6 6£fci*l/fc«, 1 0 7 2*ffl STRESS 1 0 

6 6rt©J*S5l££ffoTKiftjk$8l 0 6 6 ©ffi^l 0 7 4 a&lXl 0 7 4.b 

rtsfiEEttagcrs Uf7 7°s 1302) . 

-?-©&, t-^ 1 0 7 0KiI«LT±^l 0 7 4 art©4Sl 4 SJDJIMSfl?-*" 
20 £ Ufy^S 1 3 0 3) , £©££» ffJfBfc-* 1 0 7 0 ^©iimi:#H*TT 
A>^1 0 6 4 ©Msg 1 0 8 OrtfcjDJ»ffl«#*«EUT»ik«»l 0 6 6©fig& 

■ttio7 4 artoMi 4<d®m® mm&m) #jjfj£fl§n;:jiu&a:ig-e. 

±/1>^l 0 6 8 £T#KI£»S1*T±£1 0 7 4 art*^EE*TlPJE"r* 
25 Ut^7*S 1 3 0 4) . CCtt, ±/\'>3 1 l 0 6 8<D77>^Sl 0 7 6C 
tt0tttt&tt&/1y*>l 0 7 8 ti^Sl 0 6 6 0±JBlSt©»ttfttf2^ 
©JfflSKcfcD, fl&*£§§l 0 6 6jft«t6»Sn» fi$©&B6&Jg«*£3§ 1 0 6 
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f?r£JEK:ftofc±gl 0 7 4 artft&JRl 4<D#Mto (Kll&l) tt±S 1 0 
7 4 art©ffi*K«fcoT7-r;U* 1 0 5 4£®LTTgl 0 7 4 btJtlffLttSS 
*vcRT£i 0 7 4b^l:iA$n§t^Ptl:, «T£i 0 7 4 b'rti:SWISn 
fcS i C 1 0 2 OK'&SaftS. 
5 ftWrafc«fcoT*»«j£3ttTV>S»j6 (S i C 1 0 2 0 rt'MDJMMfeK 1 

0 6 4f*l©iIS§l 0 8 0\Z}$mmffifc&MVTW'X®25l 0 6 6 6W5±* 
fcl^oTi&SJS-frS^tKlcfcD U-r-y^S 1305) , SiC 1 0 2 0l:t 
«Sftfc»tt£Kl 4fc8H3l*** WH^T-r-S^TJi^^l 0 6 8tT 
10 l\y^ \ 0 6 4fc±*»jk«Sl 0 6 6rt0JOE$H«&lf£n5. 

*H*^7 LfcB#^T, ^114 ^SSnfc S i C 1 0 2 0 £»*^gg 1 0 
6 6^e.H0tilt Uf'^S 1 3 0 6) , 

H0*life&ftfc*iV>Ttt. S i C 1 0 2 0 t&m 1 4 ifc+SHcKftU^Jn 
JRU &*1 4£»]KLfc«, 3i^(CS i C 1 0 2 0 K&MSi^ Eft 

fc©T, S i C 1 0 2 0 fc&JR 1 4 fcS&TOt^STS ui^^S. buIH^JT 
tt£«*aS&ftETT?ff "5 «fc -5 tJEETTffo T <b «k Vs. 

Z<D£olZ, ®M&mi 4tS i C 1 0 2 0 *#»CinETK:*J^&«K:. SV> 

MfBfllTte, iSH&Ml 4 ©itn^lfclt'tSfc&K, ±A°>^1 0 6 8 ^^3tt 
577>-/Sl 0 7 6©T®K/1y*>l 0 7 8 £Rtt*«fc"5 KlLfcrt*. 03 3 
<o-jSa*T?^T«k"5fc, IMc*g'l 0 6 6 0±MIl;/t<y + >l 0 7 8£I£tt 
25 ScfcSfwLTfccfcK 0 3 5 AtZK-r&SiZ* U >^#©I»JS!AV*>1 

'1 0 0ft2ttBiafcUfc/Xy*>W#l 1 0 2*, H3 6C3R-r«k5»C, Jfc/t> 
^1 0 6 8©TgPtCig^'5 e b^{IbT ! b«kVio ilO«^, /^y*>8*fll02 

©+^ai i o 4\z®M&mtfAQ&tsz\t\z&Q&mmrty*>i ioo©a 
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g#&*u e»wK:±^ 1 o i 4 a ijmm^nxmm^m 1 4 ©in-ia^its 

fr\Z. $&7 <D&mj3m(DMBM\Z-D^Tm3 7R^3 8£#MLft#bIfcBJ 
TSo £*S, H3 3t»lSrs«l«5*CO^Ttt|B!lflF^S#LT*fl!)aiSBiW 

7 H^Tcfcri (c, i?*£g§i 0 6 6 Icistts+M 1 0 7 4©KS;&fij«f>ifefi&K: 

#?LK-fe^a y^xtcT*j«snfc7-f 1 1 oa«H*sn. Tiio 

7 4b©«fficii 1 1 2tfMm&&\zj&K)m-ft>ntch<Dt)mm2tiz> 0 

T. 0 6 6<£>+£SBl 0 7 4<D5*>. 7* Jl^SMJl 1 1 0 J:D<b± 

<Z>g&##±g 1 0 7 4 a £ft D , 7 W Jl^SM* 1 1 1 0 «fc 0 t>T0»#tf«T£ 1 
0 7 4 bt^5„ ftfc, T£l 0 7 4 bfcJfc0f<ttte>nfcWl 1 1 2HHLTtt, 

WSl 0 6 6<D±Ml 0 7 4 artfcfcJRl T£ 1 

0 7 4 bOMl 1 1 2&M^TKT£l 0 7 4 brtCS i C 1 0 2 0 £&A-f-5 
(XxyT'S 14 0 1). 

JfeK. Will 2ftEBi;TTaSl 0 7 4 btfclfU S&fctfy hTVxtgl 
0 6 0&a?itLfc&, 0 7 2&ai;Tii»^c$»l 0 6 6rtOHS3l#*- 

fT-3TK»^Sl 0 6 6©M^1 0 7 4 aRtf 1 0 7 4 b rtS^JEttSBfcTS 
Ufy^S 140 2) „ 

t-* 1 0 7 Ofca«l,T±£l 0 7 4art©411 4 *JDJ»**T 
* Ur^S 1 4 0 3) . Cl©*§£t>frfet-* 1 0 7 0^oamt#f-&TT 
W1 0 6 4 ©SSS 1 0 8 0 rtHftmftffl«ftS8fELT»^c*S 1 0 6 6 Oftffi 
*JD»T 5 «fc 3 K b T <fc IV 
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±n>?l 0 6 8£T#t::&»<*-rc±gl 0 7 4 art^m^EE^-CtoETS 
Ur-;^S 1 4 0 4). 

Bf&EKfco fc±£ 1 0 7 4 a F*]<D&Ji5 1 4 0$#4fe (&jR&JR) tt±£ 1 0 
7 4 art®jE*K:J:oT:7-f 1 1 0 ^ILTTil 0 7 4 bftjCffL 

ffi^nx^T^l 0 7 4 bfiKgASftStlWl::. MT^l 0 7 4 bfifctKB 

$ftfcs i c 1 0 2 ot'&gstt*. 

1064 ^©ass 1080 \znnmm»^m\yxm'X^m 1 0 6 6 £T;£ 

^S±#{;i^oT&^£-&3 9 Uf«^S 1 4 0 5) , Si C10 
2 0 fc£g;S*lfc»»&JR 1 4 ^^a$#s„ 

iS^Ttfe^. Ml 4^SSnfcS i C 1 0 2 0 *SB^c«gl 0 
6 6^e>^0tt}-T UTy^S 1 4 0 6) . 

c©a5»wt«*«jfi^SK:*v»T'b, %i nmtismtnmz* sicio 

^I14iSiC 1 0 2 0*#fcJnJETK:*V>&&K:, SWuSHHStfT. .£« 

e: © jg 8 oMi^^fe \ts mzm 4<Dnmo&mAz%z> tmmmt 

imCX&Ztf, ^fiiefc*5V»T, S i C 1 0 2 0 1 4 ££fiJETXtt 

#y K^UXai 0 6 OOBfcfcSgl 0 6 6rtfc7*;U* 1 0 5 4 *tftA14"f 
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T*>SS i C 1 0 2 0, «1 4©0CftAT*£T»&.5. 

St", B*£g§l 0 6 6®+Ml 0 7 4rtfc, T*»5S i C 1 0 2 0. &JS 
5 1 4©»OJlt«:A"r* Uf'>yS150 1) . 

*yhyi/7H 0 6 0^Lfci, K&*1 0 7 2 £iIi;TB*§ 
SI 0 6 6rt®*25l€f£ffoTfcB*&«l 0 6 6 rt£HjEttJBfc-r* Uf 
y^S 1 5 0 2) . 

k-^1 0 7 0 ta«LTB^*« 1 0 6 6 ftO&jR 1 4 gftJR&ft 
10 Ury^S 1 5 0 3). d©<h#, MiEt-* 1 0 7 O^OitifffT 

TA*>^ 1 0 6 4 1 0 8 0 rtKMra#£Sft LTB*SS 1 0 6 6 ©fc 
$ $ » f 5 £ o \Z V T h <fc V> . 

T\ ±K>? 1 0 6 8 *T2ffc31rS-frT»*«g 1 0 6 6 rtSffijaESTftljE 
15 (7f*;^S 1 5 0 4) . 

0r£EEfc&o&&«i 4(D®m® mm&m) ttB**«i o 6 6rt©jE*t 

<toTSiCl 0 2 0lltI$n5. 

^Wffak:«fcoT : f je>»:^stiTv»s»jft (sicio.2 ort^o»iB^«© 

20 4|*!©iISSl 0 8 0£ttiWSR*tttLTff*«ail 0 6 6 *T#* 6±*fc:i*| 
*oT»*P«ttK:i:0 (7^S 1 5 0 5). S i C 1 0 2 0 fcHrgStl 
fc»»*«**H$-fr*. 8B*<3£7T**-e±/*>^l 0 6 8tT/t>^i 0 
6 4fcJ:«B^«»1 0 6 6rtODnffi«ttttfii^$n*. 
8H^7LfeRf^T. &JR1 4#Sg£ftfcs i C 1 0 2 0SB*«3gl 0. 

25 6 63^6JR0ffif Uf-y^S 1 5 0 6) . 

-®^8©M^t^^Tt>, SiC 1 0 2 0t^«14tS+»fcJKaL 
t^oMU 14tSiC 1 0 2 0 t *»tt$-&fc«»T*JR 1 4 

B**8l 0 6 6rt£ftljEttffiiU * 6fc-tOJpjBE«»*?&ai«^7 
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SJ:? \Z\stz<D~?. S i C 1 0 2 0 \Z&m 1 4 
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1. *-#>Xtt-t©IPI*#t, ^JR(i4)i:*^*, 

2. M^ll2«Ot-h->>^^H*3^T. 

io SMBMtfl x l 0- 6 /t-l 0 x l 0-'/tt**iiS1*it.nt- 
h 

15 

4. 1 EtOk- h -»^#IC^HT, 

20 WE^-JH^tt-tora^tbT, ifiWl0 0W/mK«±Ofe^ 

6. MF$91. 3Xtt5©V»1*n*U3ifc|H«Ok-h'»^»H*ViT». 

25 n**?LHjftiig#(i2)KWia*R(-i4)^«s$nT**snT^*ct&^a 

7. »*«6E«©k-h-»^#tC^^T. 
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m&nmmi&fc(i2)<D%iimt)n ovoi%~50voi %r$>ox. w- 

^Hm^O. 1 jiin-2 0 0 umr$>ZZtZftWlttZ>t-hi'>!7tt. 

8. »#«6Xtt7ffi*©-fc-h$'>*ttK4JfrvT, 

5 WE*-*>Xtt*©ra*«:t(WIB^«(i4)t©#:«*««, MI5^-^>X 
It^ommfttfS 0vol%-80vol%, &Jg(14)**5 0vol%-20 
v o 1 X0ttHT**C££4**£T*fc:-h>'>*#. 

9 . it3#K6 - 8 OVi-fn^ 1 ^KBEfcOfc- h >»^**Kl*ViT, 

10. l»*JH9E*Ok-h5/>^ttfc*^T, 
15 £"t3fc-h 

11. rnxmi. 3xtt5®^rn*uaife:iH«©t-h*»^*rc*vvTv 

A TT« $ nfc^flldc «M*K: , IfflflB&JR ( 14 ) #M £ ftTHMfc* tlT V» S d 
20 £ft1S*£:"r*fc-h'»*tt. 

12. flf$gl lE*0fc:-h-»*<tK:*5V>T, 
iWIB*-#>X»4^ora*ft:(0|»#(l2b)OTOI»*»«* J l wm~2.0 0 0 

<tmT*0, 

1 3. ffiXmi lXttl 2E*©t-h«»^*rk:*^T» 
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tt-€-ORI*#3ft«2 0 v o 1 %~8 0 v o 1 %> &Jg(i4)#8 0 v o 1 %~2 0 
vo 1 X©«HT»*i:t*»«t1-*t:-h*»^#. 

5 14. 3Xtt5©^m*U5IH|B*Ok-hS/>^«fc*V»T. 
10 15. »*^6~1 4©^-rn^l3StS2*Ot-h-»^*Jk:i5^T, 

aa?L**u 2 v o i xaTT**cit*4#ai:"r*k-h>'>^tf. 

15 m<J:T5t-h-»^tf. 

17. 6IH«Ot-h>»^$fK:^V>T» 

WIBM©«ntteS[#Ofc«>©*Jn7C*^T e , Bi, Pb.'Sn, Se, L 
i. Sb, TK Ca, Cd. N i jG>&B&Sft& lltl±l?S5utM«!: 
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